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ABSTRACT 

Less than adequate indoor air quality in schools can 
lead to a higher risk of health problems, an increase in student and 
teacher absenteeism, diminished learning, and even hazardous 
conditions. An indoor air quality program that addresses the 
planning, design, maintenance, and operation of public school 
buildings should be implemented at the earliest possible date in each 
local school system. This document provides guidelines to help local 
education staff responsible for construction planning, maintenance, 
and operation. Information is provided on the following: factors 
leading to the present concern about indoor air quality; the two 
types of air quality problems — the thermal environment and air 
contaminants; assessment of indoor air quality; establishment of a 
comprehensive facilities maintenance program; and building planning 
and design. Risks associated with specific activities are highlighted 
and control methods are described. Ten case studies illustrate 
typical examples of indoor air quality problems encountered in 
schools. The final section describes existing federal statutes and 
government activity. Two questionnaires (short form and extended 
form) pertain to the investigation of an indoor air quality problem. 
One figure and three tables are included. (LMI) 
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Foreword 



Indoor air quaht\- has been identified as a new 
and complex public health concern Man\- fac- 
tors including energ\' conservation raeu-surc^. 
new building materials, maintenance practice^, 
and changes in building u.se have cuntributeU to 
the potential problems with indoor air qualit\ 
Less than adequate indoor air quulic\' can lead to 
a higher risk of health problems, an increa>e \n 
student and teacher absenteeism, diminished 
learning, and. in extreme situations, a hazardous 
condition 

>Xe are especiallv interested in understanding 
and managing indoor air qualirv in schonN he 
cause vounger people are at a greater health risk 
than the adult population In addition, sume ciiil- 
dren including special education students ma\ 
have health characteristic^ which compound their 
!e\'el of risk 

An indoor air qualirv program that addresses 
the planning, design, maintenance, and operation 
of public school buildings should he imple- 
mented at the earliest possible date m each UkuI 
school svstem This d(.)cument lias been de^el- 
()ped to assist local b(.)ard of e juration st^uf re 
sp()nsible tor the planning ot school construction 
projects and tor the maintenance and ••poration 
of existing schools >Xe hope architects, engineers 
sch(K)l staff and parents will also find u tiseful 

Our understanding of ind<.)or air qualit\ is in its 
earliest stages, the knowledge of this topic ^m11 
undoubtedlv grow and chaniie at a rapid pace Vie 
welcome anv reccimmendations for updating or 
adding to the information ft)und here 

David W. Hombeck 

State Superintendent of Schools 




Historic Review 



The t\pe and tVcquciio of indoor air quahr\ 
problem- present m educational buildings 
tod:i\- are a relati\eK nev.' phenomenon ^e\■■ 
eral factors haw contributed to the present con- 
cern abuut indoor air quulirx' 

Energy Conservation 

The energ\ crisis of the earh l^)'"Os caused 
building owners to make great efforts to constne 
energ\' Building> were planned »nd renovated to 
reduce outside air mtlltration W indow and door 
opening> \\ere reduced and more tighiK sealed. 
Outside air intake for the mechanical -vstem wa> 
minimized. The operating time> tor heating. \en- 
tilation. and air conditioning equipment ^\ere de- 
crea>ed The standard> for the number of air 
changes per unit of time tor a room vvere re- 
duced Buildings have become more compact in 
an effort to minimize perimeter wall surtace and 
reduce hear loss and heat gam Compact build- 
ings have more spaces without exterior wall.s 

a result, facilities are more apt to retain po> 
tentiallv hazardou> particle> and ga>es from pollu- 
tant source*^ withm the indoor environment tor 
longer period> of time and m higher cenccncra- 
tions than e\er beti">re 

Product Technology 

The number and r\pe of particle> and ga>es in- 
troduced into indoor air b\ new products have 
grown apidK in the Ust few decade> New prod- 
ucts are intn^duced each vear for use during and 
after the construction of buildings The effects on 
human.s ot the materials in the>e products *.nen 
can not be toreca.st .\lan\ \ears can pa>s before 
the dangers of a chemical are realized and 
brought into public awareness Consider, tor ex- 
ample, the past and present uses ot tormatde- 
hvde. asbestos, ti^bacco and soKcnts released b\ 
glues Product technolog\ has m\en us materials 
ihat directlv alTect the quaiir\ of indoor air m 
wavs that are of increaMng concern lo building 
planners and users 

Maintexiance 

Teacher salaries, instructional materials and 
building construction have understandabK been 
gi\en higher priorin.- than mamtenaiKc "t s,,hool 
facilities m budget decisions .Vs a result, longer 
periods of lime between changing air filters. 
. leaning condensate pans or cleaning .ind replac 
mu mechanical equipment ha\e ben'me Lommon 
pi ad ices 111 the past Tlie rec\alLiaiion t.r maiiue 
naiKe {uacticcs will uiKlouhtK ^^me .ihoLii as we 
In-gm lo understand their lelatu 'uships in iiKloor 
.11! quality The reali/aiion ihai ihe health < '1 siu- 
• lents and staff ma\ he .itteaed In insuttKieni 
inaintenaiKe will ele\.ite iis im|^*»riaiue in budget 
.leLi'-n >ns 



Education and Training 

l^ople who plan, design, maintain, and operate 
buildings ha\e not recei\ed formal education • 
msenice training regarding indoor air Ljualirx 
Practicing architects, engineers educational ta^^iiir^ 
planners, and maintenance operations persopjx*i 
ma\ not ha\e recei\ed training m the link he- 
rween their decisions and the qualir\ « 't iiKi*H'r 
air This and uther health-related «-ubiecis .ire i> >• 
tiCeabK absent from the curricula m ar*. hiteLtur.il 
and engineering schools Indoor air qualic\ i-- as- 
cussed m terms or human ^.omrori i^ut noi as .ip. 
environmental health ractor While Wi.rksln-ps 
have been a\ailable ^en recentK the\ are r« . tew 
and not specificalU geared to those pe"iMe m 
\ol\ed in the planning and operate »n • s^ii, 1 r.i- 
cilities Inser\ice training programs aiKl pi' -tes- 
sional continuing cducatmn <.'»urses will iui\e > 
be pro\ided to fill this edLKaii«»nal aap 

Change in Builaing Lse 

Changes m programs during the life <'( a i^uiU- 
ing are common in the educatu'iial riekl TlK-se 
changes can be stimulated b\ federal laws vu^h .t- 
PL 04-U2( Equal Educational c>pportunit\ :« -r 
Handicapped Ntudents i «'r s^te and I. -^al pro- 
gram implementation ^\Klllf^ planr.ers mi.st :re 
qL'eraK modify school bmldmus lo .k^ -mi^.i- -^:ate 
tie change Huildmg changes .iften take tr.e :- ::n 
o' spatial modifiLatums. new etiuipmeiit or altera- 
tions to electrical and lighting s\ stems \Uin\ 
tm'es the mechanical s\siem re^eiNes little "r » 
cor;espoiKlinu Jiange resuliir.u m -poor qualiiN 't 
mdi or air due lo u\er tir uiKier iieatir.u v •« -li'-U 
and \entilation 

Cost of Construction 

Construction losIs ha\e spuakxl up m liie last 
decades To reduce *.osis. building te^^hn* -l* iuf- 
been used to decrease the \i'lume • -i a buildm.:. 
reduce the number i»t windows ueaie nuilti-use 
eduLational spaces, and s«-iiplit\ meJiauKal s\s- 
tem designs Cost (.iecisions ^an and ^io ha\c .m 
impact on the qualit\ md^or .iir In vicnine 
buildings with rew «jr iv operable wmkI. .ws jp.j 
mechanical s\ stems that otter minimal \erailaii"n 
under optimum conditions [n tb.e imuie pL"pie 
Will ha\e to add indoor air quali[\ into ^. "nsuuv 
tion Cost decisions 
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Indoor Air Quality 
Problems 

Indoor air problems can be discussed under 
two categories: ( 1 ) thermal environment and 
(2) air contaminants 

"Hie thermal environment involves scNeral vari- 
ables that cause relative degrees (;t' human com- 
fort or discomfort. These include air temperature, 
radiant temperature of surrounding surfaces, uni- 
formitv* of air temperature, humiditv*. and air 
movement. Adverse thermal conditions can stress 
students or staff and. in turn, affect the qualitv' of 
the learning situation. 

Air contaminants consist of numerous particu- 
lates, fibers, mists, fumes, bioaerosois. and ga^es 
or vapors that can impair human performance as 
well as present a full range of implications from 
mild irritation of the upper respiratory' system to 
a serious health threat. 

Thermal Environment 
Conditions 

Satisfaaion with the thermal environment is 
based on a complex, subjective response to sev- 
eral interaaing variables. The design, constaic- 
tion, and use of an occupied space, as well as the 
design, construaion. and operation of its heating 
and air conditioning systems, will determine the 
degree of satisfaction with the thermal environ- 
ment. 

Not all individuals perceive the thermal en- 
vironment with the same degree of acceptabilit\: 
The perception of comfort relates to an indi- 
vidual's physical aaivitv*, body heat exchange with 
the surroundings, and physiological charac- 
teristics. The heat exchange between the indi- 
vidual and surroundings is influenced by: 

• air temperature 

• thermal radiation 

• relative humidity 

• air movement 

• amount of clothing 

• aaivity level 

• direa contact with surfaces not at bodv 
temperature 

While ideal thermal conditions are complicated 
to define for any one individual in a particular 
setting. The .American Societ\- of Heating, Re- 
frigerating and Air Conditioning Engineers ( ASH- 
RAE) has produced a Cvinsensus standard (Ther- 
mal Environmental Conditions for Human 
Occupano; .ASHRAE 5S-1981 ) based upon experi- 
ence and research that specifies conditions likeK 
to be thermally acceptable to at lexsi 80 percent 
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of the adult occupants of a space These condi- 
tions, us they most commonly apply to educa- 
tional facilities, are presented under the Planning 
and Design Considerations section of this docu- 
ment. A more complete explanation of the condi- 
tions, factors .itfecting comfort, and the methods 
for their determination and measurement can be 
found in the .\>HR.\£ >tandjrd Figure I is taken 
from the .\SHR-\E standard and summarizes the 
comfort le\els. 

Studies comparing the basal metabolic rate of 
children from kindergareen to high school with 
tho'^e of adults in the same environment show 
that It is not rare to find the comfort le%-els for 
pupils and teachers separated by at least ^''F Chil- 
dren are generally more comfortable m some- 
what cooler temperatures due to their higher 
metabolic rate 

Indoor Air Contaminants 

Indoor air contaminants can be divided mto 
particles (solids or liquid droplets) and gxses or 
vapor'^ Vi'ithin these t\pes are compounds known 
to be irritants that are known or suspected of 
causing damage to health Contaminants which 
are irritants may impair human performance 
^.Mthout bemg deleterious to health. 

Standards tor \apors and gXses specifv a quan- 
tic\ ot pollutant per unit volume, e.g.. parts per 
million ot air (ppm ^Standards for particles often 
specifv the mass concentration of particles ex- 
pressed as micrograms per cubic meter tugmM 
Th<fse include all particle si/es. or total sus- 
pended particulate concentration iTSP) Large 
particles arc filtered b\ the nasal pa>sages and 
^ause no adverse [)h\si()logicai response unless 
ihe\ are allergenic or pathogenic Smaller respira- 
hle suspended particles tRsP) are important be- 
cause the\ LLin lodge in the lung. The size of re- 
-pirable parucles ranges up to 0 micr()meters( um ) 

i\irticles of specific interest include: 

I Kespirable particulates as a group. 

1 Tihaccn sm')ke < solid and liquid droplets) i to- 

bacct) smoke -iKo contains many vapors and 

uases ). 
\ Vsbestos fibers. 

{ .Vllergens i pollen, fiingi. mold spores, insect 

teces and parts ). and 
^ Pathogens (bacteria and viruses), almost always 

contained m or on other particulate matter 

\apors and .^ase'^ of particular interest include 
1 Carbon monoxide i (.O ). carbon dioxide (CO.) 
1 Kadon (decav products become attached :o 

s« )lids ). 
A F(»rmaldeh\de ( HCllO) 

♦ Other \olaiile «)rganic Lompoiinds (\'C)C). and 
S ( )\KJe^ < >f nun igen < \0 and ) 



Some contaminants, such as sulfur dioxide, are 
brought in wah outside air bv m.echanical ventila- 
tion or by uncontrolled infiltration Many of the 
contaminants, for example nitrogen oxides and 
carbon monoxide, found in the air outdoors also 
have indoor *^ources. Howe\-er. most mdoor pollu- 
tants emanate from inside sources People are 
sources of COj and biomatter. a.s well a.s other 
contaminants characterized .ls bodv odors ' Peo- 
ples activities — smoking, cleaning, educational ae 
tivities (Such as gluing and refinishing furniture' 
and cooking — also cause pollution Building ma- 
teriab and finishes can also outgas pollutants 

Furnishings, business machines, and appliances 
particularly unvented or poorlv vented heaters 
and ranges, can be contaminant sources The soil 
surrounding a building can be a source of radon 
and insecticides that enter the indoors through 
cracks, drains, or by diffusion. Heating ventila- 
tion air-c(}nditioning iH\AC) systems, drains, 
plumbing svstems. and poor construction or 
maintenance practices can result in environmen 
tal niches" wtiere pathogenic or allergenic orga- 
nisms can collect and multiply to be reintroduced 
into the air 

.\n additional complicating factor in the build- 
up of contaminants is the non-uniform mixing 
often present in buildings Concentrations varv 
spatially .b. well .is temporally Pollutants can cma 
nate from point sources, such as an unvented 
space heater, or from area sources, such .is ^all 
panels These variations add further non-unifor- 
micy to the pollutant concentration 

fable 1 provides information about known con- 
taminants 

Toxicological Considerations 

This discussion provides the reader witli some 
background concerning the interpretatu^n ot in 
door air contaminant levels The information pre 
sented here should be considered to initialK eval- 
uate air monitoring data It is recommended that 
all monitoring data be reviewed in detail b\ pro- 
fessionals sLich as loxicolo.yists and industrial 
hvgienists 

Exposure Standards 

Tl-IERE .-\KE NO REGl-LVrOR^ ^T.\M).\R^)^ FOK 
INDOOR .\1R CONT.\MIN.\NT LEX'EL^ E^T.\B- 
LiSHED FOR CHILDREN IN ^CHOOL^ Human 
exposure guidelines for a number ot air pollu- 
tants have however, been established in regu- 
lations or recommended for other e\p«)sure set- 
tings bv various gtnernmental agencies and 
pnUessional organizations Differences ()bser\ed 
when u>mparing the various guidelines usuallv 
stem from the underKing assumptions ab(au (he 
population each guideline is intended to protect 
For example, air contaminant limits for the vv*)rk 
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place are comparatively high since thev* are in- 
tended to protea a relatively health\'. adult work- 
force, are not intended to protea the more 
sensitive individuals, and assume linle or no ex- 
posure to the contaminant be%*ond the normal 40- 
hour work week. 

The Occupational Safet\' and" Health Administra- 
tion (OShL-X) regulates workplace exposure 
through the use of Permissible Exposure Limits 
(PELS). The National Institute for Occupational 
Safet\' and Health (NIOSH) performs health elfects 
research and studies, then makes recommenda- 
tions to OSH.'X for new legislation based on their 
work. The OSHA PELs and NIOSH recommenda- 
tions are contained in DHHS (NIOSH) Publication 
No. 8S-II4, Pocket Guide to Chemical Hazards.' 
available from the Superintendent of Documents, 
U S Government Printing Office, >Xtishington, 
D.C. 2O4O2- 

The .American Conference of Governmental In- 
dustrial Hygienists (ACGIH) annually publishes a 
list of Threshold Limit Values (HVs) to be used as 
guidelines for the control of potential health haz- 
ards m the workplace The OSHA PELs are based 
on the 1968 list of HVs. HV booklets are available 
from the ACGIH. 6S00 Glenway Ave,. Bldg. D-''. 
Cincinnati. OH 45211-4438. 

The .American Industrial Hygiene .-Association 
(AJHA) has developed ^rkplace Environmental 
Exposure Limit (^X''EEL) Guides for a number of 
chemical substances for which there are no legal 
or authoritative limits in existence. The ^'EEL 
Guides are available from the .\1HA. 4''S Wolf 
Ledges Parkway Akron. OH 445 IM 08"' 

The National Academy of Sciences ( NAS ) Com- 
mittee on Toxicology de\'elops recommended ex- 
posure limits for narrowly defined occupational 
groups (military personnel). On at least one occa- 
sion they have recommended an indoor air limit 
for military housing (the termiticide Chlordane). 
The NAS Committee on Toxicolog\' may be con- 
laaed in VC^hington. D.C at (202)334-2538. 

The Environmental Proteaion .Agency- (EPA) has 
dev^iloped National Ambient Air Quality- Standards 
(NAAQS) for six pollutants. These standards are 
designed to protea the more susceptible mem- 
bers of the general population (asthmatics, etc.) 
and, therefore, may b>e more applicable for eval- 
uating the indoor environment where protection 
of similar populations is desired. 

Many states are in various stages of develop- 
ment for air toxics regulations or guidelines. 
Most of these states are applying safety faaors tc 
workplace exposure limits to develop ambient 
(outdoor) exposure limits. 



The safety faaors that the states are using are 
applied gent ically That is, the same sat*et\' factor 
is applied to a large group of chemicals, generally 
with linle or no regard to toxicity or mode of ac- 
tion within the human body The rationale is that 
a conservative safet\' faaor is chosen so that if the 
chemical exists in the air below the ambient limit 
(workplace standard safet\' factor) it can be as- 
sumed to exert no toxic effect. If the air con- 
centration is above the ambient limit, however, it 
is not assumed to be a hazard per se but a condi- 
tion that warrants further investigation. L'se of 
these *'air toxics" limits in this manner is termed 
a " screening" approach. Maryland is currentlv 
using this approach informally and has proposed 
regulations which would incorporate this concept 

The Hazardous Pollutant Evaluation Section of 
the State of Maryland's .Air Management .adminis- 
tration (225-52"6) may be consulted concerning 
the use and deriv-ation of these screening le\els 
as well as the status of the proposed regulations. 
The Division of Stationary Source Enforcement 
(225-5250) may be consulted concerning the EPA 
NAAQS. 

The .American Societ\' of Heating, Refrigerating 
and .Air Conditioning Engineers (.•\SHR.\E) hxs 
recommended indoor air limits for five c^^atami- 
nants (ASHRAE Standard 62.1981 ). Thi *ndard 
is currently being re\'ised. Information legarding 
.ASHRAE Standards is available form .ASHR.AE. 
r91 Tullie Circle. N.E., .Atlanta. GA 30329. 

The Population at Risk 

The population characteristics that must be 
taken into consideration when evaluating the p^^- 
tential heakh effects related to mdoor air qudlit\- 
are age. sex, occupation, and health 'Status The 
age of the school system population generallv will 
range from approximately five to (3ver (5O vears of 
age. with special education services mandated 
from birth to age 21 Factors related to the 
younger age groups ( elementary school age ) in- 
clude a higher respiration rate per unit body 
weight and less abilit\' to comprehend and com- 
municate adverse health responses t this laner 
concern may be applicable to a wider age ranee 
for special education students). The signitlcance 
of the higher respiration rate per unit bodv 
weight has to do with the amount of toxic mate- 
rial per pound of body weight that will produce 
an adverse health effect. Therefore, if a child 
breathes in more material per unit of weight. :ho 
child will theoretically experience adverse effects 
before an adult. 

The health status of the school population is 
important since many indoor air pollutants mav 
aggravate preexisting disease. For example, indi- 
viduals with lung disease (e.g., .isthma. bronchitis. 
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emphysema) will have their symptoms aggravated 
by respiratory irntants. 

Nature of the Exposure 

Exposures to indoor air pollutants and their 
ensuing health effects are generallv classified as 
acute or chronic Acute exposure to a chemical is 
usualK mea>ured in minutes nr in some cases 
seconds, and acute health effects are those man- 
ifested almost immediately (e.g. irritation of mu- 
cous membranes, cough). Chronic exposure to a 
chemical refers to a repeated exposure over a 
long duration: usually measured in da\s. months, 
or vears Chronic health effects are those that de- 
velop and persist over time (e.g.. cancers, liver 
and kidnev effects) Since chronic effects develop 
over time, their appearance ma\ or may not coin- 
cide with exposure to the causative agent(s). 

.\lthough some elesated chemical exposures 
can occur indoors due to spills and the misuse of 
chemicals, exposures in the indoor environment 
are generallv characterized bv the comparativelv 
low concentrations of large numbers of pollutants 
and the subtle health effects that result Tvpical 
concentrations found for individual pollutants in 
the indoor environment are 2-3 orders ()f magni- 
tude. I.e.. 100- 1000 times, below those found in 
the industrial workplace 

The adverse health responses to pollutants in 
the indoor environment are often subtle ' head- 
ache, malaise, etc ). i.e., the reactu^ns are not al- 
wavs immediatelv obvious as being related to an 
air contamination problem. Conversely industrial 
workplace exposures are more commonlv related 
to clear toxic reactions (eg,, choking, severe irri- 
tation, tremors). 

Modification of Workplace Exposure Limits 

In the industrial workplace, exposure is moni- 
tt)red and single or small numbers of contami- 
nants are identified Protection for workers may 
be proMded. v\ here necessary, and alertness to 
the iiazard is common In schools, many different 
substances are found, van'ing greatlv in time and 
^pace and in the occupants" reactions to them 

U workplace standards are to be used as an aid 
m a^ssessing the indiK)r environment, the stan- 
dards must be modified to account for the more 
susceptible members t)f the school population 
and for exposure multiple pollutants ^Xork■ 
place standards are frequentlv divided bv a safet\ 
tactor i>\ 10 to account for mcjre susceptible indi- 
viduals There is no Lonscnsas on how to handle 
multiple exf")osures Snme have recommended a 
simple additive approach, but the true interaction 
betv.eep pollutants mav range from protection 
I tine j'^oiiutant protects against the effect.s ot an- 
«ither» i< • svnermsm 'the combined elfect is more 



than additive) The safetv factor of 100 has been 
used by others to account for all the special con- 
siderations mentioned above including suscepti- 
ble individuals. 

Note to Investigators and Designers 

It IS hoped that this information will equip the 
reader with some insight into the comp!exir\" of 
evaluating indoor air exposures and health effect.^ 

The facilit\- planner should appreciate that he 
or she is designing a facilit\' to be used b\- a p(^p- 
ulation that includes a large number of indi- 
viduals who, because of age or health status, are 
at increased risk of experiencing adverse health 
effects due to exposure to indoor air pollutants 
Therefore, e\er\- effort should be made to antici- 
pate possible sources of indoor air pollution and 
to take appropriate action. Likewise the investiga- 
tor should understand the peculiarities of the 
school population and the complexities of at- 
tempting to link health effects to indoor air pi)llu- 
tant exposure While air monitoring data should 
be re\'iew-ed bv appropriate health professionals, 
the investigator can use the informatu)n in this 
section lo help guide the investigation. 

Control Methods 

Control methods are important means of miti- 
gating indoor contaminant problems. There are 
SIX basic methods for lowering c(.)ncentrations of 
indoor contaminants. 

1 Ventilation is a commonlv used method for 
controlling indoor contaminants L suallv it is em- 
ploved to both dilute the indoor air with .|uan- 
tities of outdoor air that are presumed to be less 
contaminated and to exhaust polluted air In 
buildings with mechanical ventilating s\ stems. 
t)utdoor air quantities are provided by debign at 
rates specified in the applicable building codes 
In other cases, local exhaubt mav be emploved to 
remove ct)ntamination near its source, such a.s in 
rebtrooms, studios, and laboratories 

2 Filtration and purification of c<mtami 
nancs are emploved where specific problems exist 
and practical des'ices are available Particulate fil- 
tering IS a highly advanced technology-, but in- 
creased performance can involve significantly 
higher costs Ordinan* furnace filters are not ef- 
fective in capturing pollen and other small parti- 
cles Higher performance filters are available at 
higher cobt. 

\apor and ga.s removal equipment is also avail- 
able, but the technolog\- for general use in ordi- 
nar\- occupied spaces is expensive ,-\ctivated thar 
coal filters are used to adsorb high molecular 
weight gaseous molecules in vaning elficiencies 
and holding capacities, usuallv at costs m relation 
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to their performance. Howe\'er u is difficult to 
determine when the fillers are loaded, and thev 
can desorb lighter molecules previously ad- 
sorbed. Potassium permanganate impregnated 
into porous alumina pellets (and other chem- 
icals ) are available m order to oxidize or other- 
wise change particular gxse^ and vapors into 
other, less hazardous or odorous forms. 

3 Removal or substitution of materials that 
contribute to indoor air problems should be 
practiced. However much work is necessan.- to 
identify- these materials and to provide satisfacton.- 
substitutes. Such materials include painis and 
other finishes, manufactured w-oud products, plas- 
tics, cleaning and maintenance materials Also in- 
cluded are a multitude uf manufacturing pro- 
cesses that ma\- be used to lessen the outgassing 
of some undesirable materials. 

■{ Encapsulation with coating materials, or 
otherwise interfering with the materials' abiht\' to 
off-gas pollutants, is another control method. 

^ The Time of Use of a contaminant is an 
important administrative strategy-. Contaminants 
should be used when the least number of people 
will be exposed. 

6. Education of the building occupants is an 
important activit\* If people are provided informa- 
tion about the sources and effects of contami- 
nants, they can act to mitigate their personal ex- 
posure More building users will minimize their 
use of possible contaminants indoors when the\' 
are provided an understanding of their relation- 
ship to indoor air qualit\-. 
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Description of Contaminants (Table 1) 



Description 



Sources 



Standards & Guidelines 



ASBESTOS 



TOBACCO 
SMOKE 



xfi<ra;on A an jCw' C-itc J^^■ '^::! -r'-» 
ine final teotrrai rc2-j.Jit- n^ j^c ..-v.' r<' . - 



FORMALDEHYDE 



OTHER \ OLUUE 
ORGANIC 
COMPOODS 
(VOCs) 



■om< buildin© njve N;en jn>ulJtW ^.w aftra lorrji' 
ier.voc !«»im ln^ulJIlun 1 rFI' Furm JtOcfiv Ctr uKJaCi 

jno Lier ifnDu^ii'^n -UuvLs are h^.- 'ncin. ^ 'afxtr^ 
moivJUiirii jre 'Jui m time 'Utaoi-Mne v:irr.ini>nc^ i'- m 

-"jftrnib 

Lie .nCk.«»r Jir ■>« fr.cJir.c^ • 



Kc< nc— 

j[. ruiK '.\ jr'H.Jrr'"-.^— cnu^i'tr, rr'^ovtr> ?trMKiv:tf; :J!fii> ^ l\cib 
ni---rinjtcO ?Ajr'^jrt> as-:^-B* rrcvrr-JC^o ^'ivcr^.b 



rtrr^-nji .are \:oxi> '. - pak.*. 



'T.' Ke 



T.c^er^ are ' ' 



. c > •■ ._.c- 



NITROGEN 
OXIDES 



"he rniM prt^-Jieni ^iX[a^^ ^ inr «cn are nitr>«ien 
:;. \iOc ^0 ana iitrn. -jMiIe AQ. ft^n are t'jm 
^t). r<rina a -wai\e Ai^ni jnd 
r' M\e V> irJuaalK 'cia* ^i:r. we tv\£eT :n Lie 



7^,e ?rimir\ viurv.'e^ mOmTv are ,umnaMion rr" 
.c^y^. .u*.h 1" unvenieo oimnu>Uwn aopiian<.es .enieo 



Ct^ in " r jJr ' c ' 



CARBON 
MONOXIDE 



CARBON 
DIOXIDE 



r m .Hv mr:e^c MJJik n ;(.artv'nin, mDu^ti^'H 



[n(..yfr.oiete 'Xniinnr. -jrip.g r-pu^n n : -ar/je^ 
jn*.enEeo neater* ■exs'v ^'«^^ ano ^I'^e* o^nc ' • 
bactj 'iri^Ke r.jv .j-s: mer. vn(.eniratik'n* < » 0 m 
.nvioor ijr w'rn t >^ Jv:iu>teO on^i rrxamuincO 
sumba^Eiun -eM^t^ ^an "v "liniiKint >jur,t^ 
qK>bile bus 'r 'r'a^.^ c\nau>t cite'ing r^uiidina? m 
anutirtl iarae{> learpv ■■ act^s.^ .r -arkjne arei-^ .an 
iLo t>e a viurv.e •»( * O 



V .tjr.^r^' ■ 
j K'f air *":c ■ 



«.0 on Alurie:>5 UbEclev and ». ri*jrlex'' or* "duel -rf 
..iincletcO viaxtx^ combustion 



Ml (.omba>tii'n rr've>NO and tne nunun mcutX-in. 
prtxcvo are lO. *<-urv.'tr> i..in(.er.tntu*n> xi.O. 
'rom :xr' w ard ^^r•'^ane jre ji^av"> rrcxrnt in ail .^ 



I * '-pr-ar.ro 
veil loHR-VE -Lt 

e"ei > J'ja;!'- 



ALLERGENS AND 
RAHiOGENS 



Hii-jiiiMi iicriit '^Jvteria .ir«-o "unii r:iun:«?< - 
-•^ >'tlcns and inxM r^aru are ■JnldU!t^)us »n mju-r 
■.•i-.ir nrrenL* rr.e< ranujiatrt ran^^e trotn le^* man 
ne K. K^cai f?-kr"n* m M/e 'Xhen airtx/ne tnt^ are 
jsuaiK jru».r^eJ ; ■ -usi rarin.le>«'< urioui mzc^ vy 'jut 
ill i jirr»< '"ie rarikutate^ fnj\ in(.iude incm 



fcijcie and j;iir.Ji> -.-.ed -a^n sr.atefiah i rjpcr. 
^edilina. ».arre!intj jnd ■ t,nef rlaces ^"cre dost ..u 
leoi sjn ^artx.r iriem i .^jling t.«ers njve f\fen 
vno*"n to he iauDatv»rv )( Le«tunella oaaena iJirn 
air-Limdituinina equipment, numiditier^ ..undensite 
Jaini. and juv.t^»)rk ».an in(.ubate baaena and fni'id> 
HiJin numiditv areo^ rLH.erbate ineir tir^^in 



-x.etM 'HJt V>HK.\t r.r.c--' j 'c a';-c ' 
'er^cen jnd ' 



RADON 



1 jji' j».ti.c ^x'' 'nc Jc J- r' 'diJ*' t 
.1 :t\jv* .:nti - lid Jirnj cr.irrer^ tvikn .an 
in ir.ruird jre^.tU f »fU<.n i" Ju-^i rar'kje^ 
jfc ".rijicd rhc /ill ■< nx-i^orc r 'adt.n i> 
o :e' .:c' « > 



id:um IS jniqutt"Ux in ine ejrtn* «.ruM in ^idciv -an 
l rkentration* Acll ^ater xan ais«' nave men o 
•pifiii' n* -t rJdun MjL>*tnr\ huildine ^'ii'Mv^^an 'lOvc 
uii.n . nveniratiun-s The earin jfund r^uiidm^s 
^t'.cr IS 'Jie rrini-iral < ind»«ir Md"n Kjd* n 
i-nt-irair' .'J»,kN md drain .-pcnmicj .n }« andJti« 
'u^mcnb uid ..rJ^I >ra».es aater v inuinjnii 
tjr w '\\\\ .oiia> -:it" -pa».es ^nen Jrj^n V'\ j^c 
• » rs N. 'me *"'nld;ne materials ;viil uEyxs 'ad- o 
'ir.e i '^•'I'.n '^jv <'nii"' ^u:ldinc> 
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Comfort A Health Effects 



Measurement Methods 



Control Measures 



So xuie neilih yr cj)c?.ton eifeos due to isDesios ire 
lOKJWi Fibers Jco«'MtcU ;n ihe !ung ire ine L-nlv 
Kno^-n .MX i ir.oAieiu'nus. J raui oncer >a Lie 
sieuil -Jf r<?rii<>neat I;r.in2> H the t>xlv \iC^to>ii jno 
• <her iane . nJUs- 1^ 4N- ^J^e Nren ivKViite-J ^;in 



Ptu5<; ^ontraii fniCfox'op\ is uxM ii a M.retr.inK 
method tor sirpcline i>beito> tibers in tne Jir fibers 
)ther LTin Jbbeito^ are aliO .ountea Electron mwto- 
ncoo^' i> a r.etnuO ^mcn «.in Jistinfjisn i5be>to> <:etin 
i[!\eK. bui It I- r'MCtx more e\Kn>i\e man POl ind 
tJKe^ l>'nce: to .■•tr.plete The pr.^p(J><^i \HER.\ resu- 
Utton> require Hn.oi> i>e ;ne TBI pr'X-<ol ;-r clwrance 



\5be^0!> jDaterr.eni ,n tne (. > i> ocm unfiled iS a ^ 
xDecial case ^ojntei^ Jr.-.m 'tner air ^Jiluumcs t^ I S 
aaencies Jue to Lne oercei^e-J r^ian public rwt. Tne 
methcxls 'A aratcrr.ent tn^^luOe 'eciir rcnwMi en- 
xiujure anil encjcjijiatjon 



The etiev.T> ■ < '- nji.,.'.' 'tri ^c r. 'p.' •^e^^ ire '^eM 
(jio*n H-<^ever r.jnv ro-iMe '^n. f kc n 
■evT Jo 'fr-'Ke .n Lne:r crA.r nrr.ent^ -xrujxr <! c».c 
^^|^<^ anc t-^r ut .rr:tjtk n Tr^c ica:tn citevi "^n 
>m»)Ker^ "a> 'cv.ci\rJ ni^reoMM atienuun V Jte icJith 
rnea^ ni^e '^en t -uno .p. ;ne unc rjnctu'n < ^nts 
jren mu •■->c^ < 'Jr;- Acr* anc Jilerzu 'eaOi!- % 
.ur in J •rail Jrj^::- n t t.c raiati .rj 



f-'rr.4iucrAJe nis j punaeni o.-r ani: .> Jeia^ec ^ 
ram :-c Ple ji !e%el> it Jb«)ui | xtn 3eM0e> 'ne 
jnn.xanv:e :t jIm; ^au^o acute e\e ^umine ind irri 
•jte^ nuf u> ir.erncrano and 'J\c re>pirjtor •:2^i !•• < 
r.jidenvvie rui jImj .juyrJ ital winter .n :jt>TJt.^r. 
inifTsaiv nut ^n^nn. etfai> •u\e n^jt been ouDii>ned 
; 'f nunun cxrin?^ ^utne oe^>Die eMiibit a niiin ^enM- 
•i\itv .cr\ •fnjll ^vn^:cntrJtlun^ 



No xancirv:^ njvc 'vren t.-r uXS m n^ n nJj-tfiJi 
•<min2b MO>H hi? re-.--nfr.endeo •H.u;:Jtionjl *un 
iiroa tur ..jir!t> 'und* K>HR.\E ^tanar J 
•i ;wiR In wrrentK rr-'Oi'vrJ" .n^iuCo a 'atu-naie 
^u^^^^otl^la tnut :n tne ahxjn^c < r<ner jju :ne 
NIO^H i'.rr^ib ot^ueJ b\ i" ^ni :■ ' tne 
«.0!e . .n[!nuvtu> -Jtncr -njn A■.r^^late i:ir.e < e\ 
^ .xure Jinc > Jtx cnt :• < 'ne c. Jeri\ -unc and nurn 
1^ ;ne ienerji iMuti. r. 



PinicjiJte . n^entratiiin i> rr.ex^-jred m •rtuai >^acIer 

'r 2r3\ir.e!ruJil'. rjr!u:e^ . .\x'.cZ n :;lterN 
vjos ^.nr.'fnat.^rjonN arc jjcJ «tuu\ ^i^cu^ ^ •tro^,' 
nenb Eni-u^n ^--fK tjl- 'vren -"n^r ^not rei>* 'njNe 
otimjtCN i ^ne ^'urce -tren-jn .an Nr ra.:e rn .,(rri\ 
. >untinc -HvAer^ and otitnatsna mat ao ut v.- i 
adulti ^muKe and .or.>ume a^.lu^ r^-. .isjrette^ Der 



r mrm-'^ < «r-. ^.n^ ■■ "-J^^* ""^^ 
nure . r.^i n ui. i nc'« « :jr::j.:-. ctrc ^ 
u\e f-ut .j.'e''ai Tarj<ercnt i r''t.iiti< rs 'e-^-.rr- 
It ^ ell arriicJ ar.d rci-- -.a.'.'-i.nc: ".icr. r'^.v.cr..* 
air .raner« ar.^ .-.tc'^ ^rr rtrc .vc i^-ci^c: c"^ 

'ate^ a'e ".c.e^^J* * J..«tr ^rt sc f c -^r. ' "c 
ar> 'Tic.:!' ".arie •■ «i " "«•*• : ' ■ 
n.j< " 4jlK c::c.':-.e 



Inexpensive ?ass|\e vomDisrs and jetector {uDe> njvt 
Vtrn Je\rl')ced "^le m.-re accunte fnet:.od -x ^-^ilea 
in? tormaLen\^e lj b\ inpincepi L^nt^entruions are 
'jien jricrmincd D\ ^...lurimetrn: mefKxis 



fur Dropler. rrl .a."«cs 'rr « "^..^ir- 

ne (.^N «.an nigr. E-c". 're". 'c'-.J-a. -^a^rr j.« "J- 

rerrum in 'ne -trj^fu'e ^nj T.'-e ' -"^i.* 

.re2i<r0 'xr-Deratjrc "-r.-.r^ -•>. r 

.derate utiiNMns "ncrcf rc c^t.utu " x • ' 

on erfaii^e Tcan« ;• r '^.::iiati. ^ n-c 

are pr >:a«.;na cr r:oNt> ^^in . ^cr .'Ci''."* 'u^e^ 

v>me NurTa«.e ^rcatrerts arc "c " -cj- 

Hit«axMn? rat n^ 'e'rr t'Ic-I.t' o^ ^ ■ 



Neveral tnexr moijuno^ nj^e nccn identmed indi 
• iduilK as vauMnc a*.ute and vHr- cn'eoa at nj«n 
.ontentratu nN N-me njvtr ^<fen ^irccnv ^inseo lONin 
.cr in nutrj:b and tners are Nj^oeaeo -4 .au^inc 
.cr The c^cv.i> n ^vr.hmatiuni ^< Lie o.-mpi'undi at 
. »n^.enlratliJn^ no^e ^<ren No<ge>te-J ii xauxr^ -i 
•^eraJ •k.\ r^uudiP.fi ^itualK'n> 



^tnaed and Lnoe rr.a[cr;a.N -'tl .r ■^cli 

•eniilateJ area? awrt :' v.-:'.Cv: : ".<r- 



' t\jJo < nitr -ven nave n^ <n>«-r^ ttTe-.": :n . > n 
cniraii-n^ Vate cttcvb < unc J\^iunau.n nave :^n 
-c^'r.t\: at "lene: . ■n^entratinn> O\ido -A mtniien 
-'\:jtc .r;r.a:iate <ii.nterm esfai> -n aI^^J^ reai. 
J. 4-<s. -f^x ji .fH.\;ai are '^.c^c ^itn nr -nk 
n-,:tE:« •:rr:^-.'cra i>tnrj and .niid.er- .nder : 
-a:. .J ' :.r -nix v1c\L. arc n- it v^cil r-tarsbncJ 



\vate crtets are Juc ■ '-"^c :• :r.atiun . < .an^ w 
ncrr. iii' i^n n 'ne '^i'»".: ^nt^n 'nnibiL^ VLZen miOAe 
\t '^.^:crJtc . n^eniratj. '^^ .ardi<MxdUr Ji^cix: m 
rairoJ ■ -v. n jr.d . '^ < "rjin :uni.:Kiri r.j^ 'oult M 
".lancr . ■ ^cntraii' -nv i u c\t> -^u'e ratal 



^r^.JJi ine\penM\c ^oaM^c NO. mnrnti)*^ >oiiiOte lur 
■xid j< are j^aiiobte v.ndL^ber^l\e inirired tecbr 
iiuue^ are j>cU i- ■ mei-ure nltr.>l^en ^xideb in lotwn 
•ufv <nines -jr ii-r x^inunuooi munitonng 



vme reiati\e^ Min^ .-t .-.trarc-d ^adiaiK-n aDx/r:>tK.n 
ind eiair-xnetr-Kai .n>trafnfnb a- e\N \l.'derate^ 
-need re-al time rrrisunn-^ jeM.e> are ai:^» J^:iilaDle \ 
oassw anjnitur i> ^urreniK jnder je\elopmeni 



-entini -te NiJ -'ar.c: 'nc ♦ re ~ 

rrj,.i:,.ai meiMfe ' ' r^jM.rsj . roiti '.ijpjavt-rc" 

are -e\et«'Cina ueMvo l^^.kn ^e^eraic ^e' Ni) 
cn',i*>k-n> 



li b m.N rr- runt ■ ^ v.re . rru^ti-^n cjo.cr.eni 
p mijnuined jHJ rr r<':\ jd:j«fcJ ".enuuar J^c 
•huuld be .arerjii' -anaicO j Jai^eni ' • '^uildmoi ^no 
.n \f^aiionai rri>iirar..- \dOiti«-nji -enLOliun -in t)e 
■sxM as a lerrr- 'urv .Tex^ure ^nen m^n .e\eb A CO 
ore expe-.ieo ^n- -rT re':vA> -r -^fne 



y . )nv.entratii'n«' an«^e ppm vjine Um-x moi- 
'Jl a». air. ^ren i ted 



Initrumenis e>a^t *nkn jre 'clianlc and inexDerbi^e 
tor moirf .."mtnerual arpiKatp'tb 



\entilaiion r.eLn- ^ 



nir . .4r> '". d.-.\:de 



.."c' H« .'^cxN.t^ .uDn\kK.u.tui inieaiurb and in 
,c'^/j irt- o>«xn iraniiniaed air js h Lcvion- 
4irc^ :i^cxse Her.- and tnulds <.an uuNe aller^it re 
k!j -n-j ! jr a Miir.iiivjnt :onii»n <t tne piipulatiun 



V. <n'- r. Dervrrtmn -r a..jie nraitn ctteci> are 
n;-. a-, n-ie .nr' nk -/ne-.T lona ant.er >r 'ther lunc 
\Nrant.lMn :ue ■■■ retention 'i radi;n Ja;j\ pr»id 
..a^^ n :r.e :unt{ "hexr • nn-nk ettecxs are omonc cie 
o-'«^n < all ;'>d.«ir MiiutJnts i> the result .< 
n .ramum n:nc'> It ls ^no.ula{e•J tnat n-m 
i.,jcati"riai radi.n cxr«-^ore 'ne I ^ rro^ aj.< he 
•^tT" - **• and idditu nil vana-r -caLa-^ ;\rr 
.ear 



\jr Nirno mj^t ib.^rd n arcr'-priate r.itr -nioj 
rr.cdu jnd ins.anated t«-r .t^uoj cuminatkjns -A uoDle 
^r .wTlb Mkr-ixtiOk o-iminjiKins < . -llaied dust 
xon he d>cd i-i idenutv moiUs and pt tlen No mexpen- 
M\e held munitufv exiM ^nkn a;e ^uiuble (or lorce- 
scale "axf Uii^e Nimpiina snnuld be the metnod 
^n^JKe e^ Xndcf^m pxosuae. imoxior or impmecn 



hcxrensive .nar*. lU .anhter^ .cs> tnjn H^i are o^-iil 
ablest!.. N^rem 'adon ^ .n^entntiuns'^er a tour to 
^en da\ oenod Kelati^eK inextx;rbi\e ilpnj i:atk de 
•evi-.r^ levs man i^u are j^-aiunlc lor xur^e\ UNe 

integrate 'adon . 'n,.entntii'n ■^e^ a -ine month 
• . ine rif ?eri"»d \ir «an^plina mvtrumenb t^'r real 
•ir.e r^eisoreJncnLs are r-Tr expcn^iu- n.» :ne\Den 
.ive mtin.o c\i«t> • " -h^"' -ad'-n le-.iv pr ■dua^ 
■ntcntratit 'tb 



' tencrai 4 ^ -d > Ai>evcrrir.-.i and -jinc-onxe t .cj; 

and air^ .ndHu nmu e-^^cren! re r.r. "jnt 
\da!uaie -.eniilation and £ air >t:irijtn n jfx- 
■•.clp> Hiiiner crtkiena air inters -cT..^e ■■ ar.e rani 
xie^ Jlontj ftitn ■uier rartkulate^ c »>nna :« Atrr -reui 
fnent prtvedurc> cx^t to fedu>.e '.e\eb ■< Le-.iu>ne:U 
and itner trEonism"* 



^eiJln^ n i-jundJtiun> \u rrc-ent oir- "Un '^r'^ :er. 
nitrated i«' Nr crfetiive altnt.'Ufin :ne • r.i 'errr. 'r.-.i 
''ilitv < <aiini{ i> jOjdi.sin ^rv>.!iH e^.tiiaii-'n < 
*'±<ment areas and .rj^i -ra^o ix« aix- -^cv". - * ^n 
!'» fy: trrfeiTjve Increased \eniiiaii>'n ^itn -uid x-r j.r 
"Aill l.iaer radon .e\eU ! -r j ^:\en rundm? H-w-eNer 
'jd"n levels . rviatc ^eil ^viLn .cniilati- 'r. Jtc^ 
imonn duferent huudine> .c -Jlldlna^ aiin 
:ilatinn rate:> fl^ill n-H naeNMrit\ "J^e "iijn indtx^r 
'jdon ie\els and \kc .er\j 



ERIC 



14 



Investigation of an 
Indoor Air Quality Problem 



This section is deMgned (o help school ut'fi- 
cials who respond co reports of" indoor air 
qualit\* problems It is aimed at acute symp- 
toms. Such as headache and mucous membrane 
irritation, most commonly caused b\' poor indoor 
air quality-. Two forms are presented on the fol- 
lowing pages, a short form and an extended form 
The short form will sene for imestigations with 
an obvious source of the problem The extended 
form should be used when the cause of the prob- 
lem is not immediately apparent to the investiga- 
tor The purpose of these forms is to provide a 
mechanism for school system stalf to quickh' in- 
vestigate and soKe indoor air qualit\" problems 
with their own resources whene^■er possible A 
prompt visit is ke\' to identifv ing many source^ 
and to maintaining good relations with the peo- 
ple experiencing the problem 

The investigation is s\ mptoms-driven. \-ou be 
gin when symptoms are reported and stop when 
symptoms are eliminated If s\ mptoms appear to 
be serious, life-threatening. or likely to cause 
long-term health damage, ii mav be neces>ar\ to 
bring in an outside consultant immediateU and 
move \er\- rapidly through the in\e.stigation while 
taking immediate steps to protect faculty-, statf, and 
students This mav include building e\'acuation 
This investigation process does not replace a di- 
saster plan such as W(iuld be required for a 
chemical spiU near a school nor addres.s long 
term hazards 

The forms shc'iuld be filled out at the site uf the 
problem Primarily two individuals are in\oKed 
the reporter" who is the person who ha.s recog- 
nized the problem and the investigator who i.s 
xssigned to e%'aluate the problem NX hen ihe rorm 
IS completed, it should be filed at the central of- 
fice and at the school 



Once the school officials ha\e designed a ^tr.u- 
eg\' to identifv and or soKe the problem. ihe\ 
may obtain outside assi.stance. if needed Om- 
sultation may be available from the public a.s ucll 
as the pri\ate sector and could in\"ol\e medical 
diagnosis, air pollutant monitoring, andur \W.\L 
system e\'aluation and redesign Pre% K)us v\i>rk 
should prepare school officials to clear K Jetine 
what tasks a consultant is to perform, the tech- 
niques to employ, the anticipated product, and 
how It will aid the solution Even." building is Jir". 
ferent and needs for consultation must be consid 
ered on a ca5e-b>-case basis Finallv schodl otn 
cials need to be prepared to follow the 
consultants recommendations 
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Investigation of an Indoor Air Quality Problem 

(Short Form) 



Date Time Notified 



^'ho Reported. 



Pt:)sition. 



Building Name 



Building Location 



Designated ln\estigator 



Pc^sition 



On -Site E\al nation 



Date 



Time: 



People Present- 

Reporter Describe the prc:)blem including svmptoms. 



Investigator Is there an ob\ ious source of the problem? If so, record the source and describe \ouv assessment and plan .)( 
action ( if a plan of action is not apparent, seek consultant services). 



Signatures: Imestigator 



Principal. 



Date- 



If there is no <)b\ i( )us cause of the problem, proceed to the following extended form. 
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Investigation of an Indoor Air Quality Problem 

(Extended Form) 



Symptoms Questionnaire 

Complete this quescioniuire for each person atfected (use additional pages as required) 

Name ot person. 

Specitic building locacion(s) involved. 

Date: ■ 

Person administering questionnaire 

(May be self-administered) 

Do vou have a histor\- of allergies? If yes, describe the tvpe of problem, when it occurs, and any medication \ou take 



Check anv svmptoms vou have experienced since the beginning of the school vear Estimate and check number ot dav; vou 
have had this svmptom 

^ . . _ >4 VCk-s 

□ Headache 

□ Dr\- mouth 

□ Dizziness or Faintness 

□ ^akness 

□ Difficult\- Concentrating 

□ Eye Irritation 

□ Hoarseness 

□ Fe%er 

Lj Burning (^f the Nose 

□ Throat Irritation 
Zj Nasal Congestion 

□ Coughing 

□ Skin Irritation 

□ Other ( describe ): 



Have vour symptoms occurred 



0-2-1 Hrs 


2-1 Hrs-!«k 


1-4 ^X'ks 


□ 


1 — j 
I 1 




□ 


□ 




□ 


□ 




□ 


□ 


. ( 


□ 


□ 




□ 


□ 


r-] 
1 1 


□ 


( — < 
LJ 


J— 1 


□ 


□ 




□ 


□ 




□ 


□ 




□ 


□ 


□ 


□ 


u 


i_l 


□ 


□ 


1 r 


□ 


r— s 
LJ 


' — 1 


□ 


t— 1 





G Continually □ Intermittentiv 



Did vou have any of these symptoms during the last summer or schcK)! vear? If ves. name them. 



If vou checked anv s\mptoms, please describe in more detail: 
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Have you sought medical attention tor these symptoms? Describe. 



During which months are vou likelv to experience symptoms? (Circle all that apply). 
J F M A N! J J S 0 N D 

Durmg which dav; of the week arc \-ou likeK to experience *;ymptoms*^ (Circle all that apply) 
M T ^' Th F S S 

During which part of the dav are vou likelv to experience symptoms? (Circle all that ;:pply ) 
any p.m .-Ml-the-time Anuime 

VChat are the weather conditions when vou experience symptoms' 

□ Rainv. stormv □ Calm, mild □ Hot. humid 

□ Dpv- ' □ ^'indy □ Cold 

How long have you worked attended school in this building' 

.\fter you began work or started school in this building, how long was it before symptoms started? i Circle one) 

Right awav days weeks months \'ear5 

Svmptoms began before I was in this building 

If you leave the building, do your symptoms improve' Yes No 

If \es, how rapidly minutes hours overnight days 

Do vou smoke? \es No 

.\re \ou bothered bv cigarette smoke? Yes No 

Have \ou detected any odors' Describe. 

NX'hat do you think is the cause of vour symptoms. 



Potential Sources (rf Indoor Air Quality Problems 

The investigator may complete this seaion to the extent necessary- tt) identih' a likelv source ot contamination. 

There are manv potential sources of indoor air pollution, manv not immediatelv apparent This questu^nnaire will a>MM ai 
the recollection of events that mav have contributed to exposure to specific pollutants This should be a brain-^tormmg ^es- 
sion* with the investigator collecting all possible information and not ti^-ing. yet, to ludge its rele\'ance to the present prob- 
lem 

If appropriate, sketch the affected area including equipment, activities, lighting, intake and exhaust ducts, room dividers, 
and windows .\lso include the adjacent rooms and spaces (eg . science classroom) Attach your drawing. 

Does this area or a nearbv area have: 

□ Motor vehicles □ Garbage storage □ Duplicating machine 

□ Arts and crafts □ Science C Industrial arts 

□ .Animals □ Cigarette smoking □ Other 
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Has there been any: 
:_j Ne^' construction 
□ Pesticides used 

In there an\ ev idence of. 
Z Water damage or stains 



Painting 

Installation of carpets 



U Mold growth 



Z Cleaners used 
J Other 



Dirt around air ducts 



Equipment, Materials, Supplies 

List equipmtrnt. materials and supplies that have been introduced or modified, or whose emissions are not being remo\trd 



a) Equipment 

Type, brand, model number 



Date installed 



Special comments 



b) List materials used m this classroom or work area- 



Material description or brand 

I 



Date of use 



Special comments (any 
warnings on labels?) 



c) List furniture, accessories, and their protective coating used Include rugs, drapes, curtains, or other decorati\e materials 
TVpe Material Date introduced Comments 
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d) List any chemicals introduced such as paints, 
tergents, etc. 



Type of material 
(include brand) 

1 



Use 



surface coatings, floor rug or fabric cleaners, deodorants, insecticides. de- 
Last date used How often used Comments 



Activities 

a) List activities performed m this classroom or work area: 

Emissions from activity 

Activity Usual schedule (heat, odors, fumes) 

I 



3 



Episodic or Unusual Events 

Building problems sometimes begin after an event such as pipes breaking, roof leaks, etc. Describe any such esents 

Event When occurred Comments 

1 



Evaluation of Heating, Ventilation, and Air Conditioning (HVAC) Systems 

.•\s needed, the investigator or a person knowledgeable about proper operation and mam, vmce of heating, ventilation, 
and air conditioning svstems should complete this seaion of the protocol. Often the H\AC systc n is the cause of an \ndwr 
air problem, delivering air that is the improper temperature or humidity or delivering too few air changes for human com- 
fort .\lso. improper maintenance can lead to mold growth, which may be the source of symptoms It is important to hase a 
wav to identifv these problems in most ca.ses. adjustments m the H\AC system will eliminate indoor air svmptoms ^tien a 
point source is causing the problem, sev'eral solutions exist, the source can be eliminated. Uxal ventilation can be installed, 
or alterations in the H\AC system may be necessary 
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The following pages will allow \ou to svscemacicallv review [he H\AC N\'^cem and identic common c\pes or problems 
Some -school systems may be able to collect additional data due to appropriate start and equipment. 

In anv inve>tigation of a problem with the indoor environment, it is important to under^^tand how the H\AC svstem in me 
building works and to document any recent changes that ma\- ha\-e occurred in the H\AC s\stems uesign or operation 

It will he verv important to the investigation if. in addition to answenni^ the general oue^tions hclnw the imcsrmator •■rLur.s 
prints ur diagrams of the H\AC s\stem for the atfected are^ as well a> a description trie huilding mtaKe and exhaust svs. 
terns and any other pertinent information 

1 Is the building sen'ed bv one H\AC system or is the buildmg divided into sections served hv different units' Des^nhc 



1 v;'hat t\pe of heating is used for the building'" 

a) On site boiler ^es No It \es. what r\pe of fuel: 

Gas # Oil Other — 

.approximate age of boiler 

b) Central steam- ^es No 

c) Electric. >es No 

d) Other ^ 

5 Is accessor^- heating used in the atTecied area? >eN No 

If ves. please describe ^ 



■i \X*hat r\pe of cooling' _ _ 

Z: None □ Central .\rea - hidividual I nit 

^ Temperature 

What IS the air temperature of the rtK)m(s) involved? 

Room rime Wet-Bulb Temp Dry-Bulb Temp 

a > 
hi 
) 

di 



h \entilation 

Can windows he opened? \'gs No 

Is there a central \entilation bvstem' ^es No 

Where is the fresh air intake with respect to any building exhauMS^ (eg. boiler flue, kitchen exhaust) 



vj-c rhe outdoor air dampers on air handling units fixed in the closed position or not providing outdoor air for another 

rexson' \es No 

If \es. liM each air handling unit and the space(s) served 
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8 .Are there other areas in the building that share the same conditioned air as the area where symptoms have oc- 
curred? Ves No 



If ves. there mav be aaivities within these areas chac could emit gases or aerosol of liquids or solids into the air circu- 
lated throughout the building. Based upon what you know about activities in the building, please list chose which should 
be investigated 



9 .\re there anv activities outside the building, such as garages, industrial plants, restaurants, and drv cleaners, who^e emis- 
<ioni> can under certain conditi )ns be taken in by the building ventilation system? Libt them 



10 -\re condensate pans m air handling units draining? "tes No . 



1 1 NXere there anv changes made in the heating, ventilation, and air conditioning system around the time ot the inci- 
dent? If so, describe them. 



Investigator's Assessment: 

Re\-it^%- pre\-ious data collected Summarize the main features of this problem and what vou think are the rele\ant ^«>urce^ 
H\AC information This should be only a few paragraphs and should demonstrate the logic of vour hvpotheM> a.s to ^vhat i^ 
causing the problem 



Do vou have an explanation for these svmptoms? (for assistance, re%*iew Frequently Encountered Problems on Pg IS ) 
^es No 

It \es. v\hat is (he cause' 

What IS the recommended solution and time frame? 



It no. what is the next step ahis ib a matter or judgment for the investigator)? 
Monitor for 1-3 weeks to determine if the problem continues 

Initiate further evaluation 

Signatures: Investigator I^-ife 

Principal ■ l-^-^t^ 
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FoUow-Up: t complete A or B as appropriate) Follow-up should take place 1-3 months ^ter the initial response or after 
ihe action plan is completed. Continuous communication should be maintained with the rep(jrter(S) 



A Thi> pnjblem has been 'Solved 



Signatures: I n\eNt igatt r 
Principal — 



. Date- 
.Date. _ 



B This problem lias noi vet been solved f describe the tangoing problem brietlvi 



ActkHi planned and time trame i describe): 



We ha\e discussed the problem and recommend the above plan of aaion tor its e\'aluation and solution 

Signatures: Investigator- D^^^ 

Principal. 



Frequently Encountered Problems 

i Ventilation 



• \ents obstruaed bv Hirniture. partitions, etc 
» Local exhaust improperlv used functioning 

Shop areas 
.\rt5 and crafts 
science labs 
Home economics 
Photo lab 

• Louse Fibrous glass insulation mside ductwork 
« \taintenance or repair of H\AC svstem 

Inadequate fresh air intake 

Improper air tlows (check settings of dampers) 

Kins blowers wired incorrectlv 

T(^xtc s()lvents used to clean the svstem 

Inadequate air distribution 

\olatile t)rgaaic compounds 

• Paints 
Cleaning tluids 
Furniture stripping 
Heating oil 
Science lab 

.Auto repair (degreasers. cleaners, gasoline) 



Date' 



3 " Fumes" 

• ^Xfeldmg 

• Auto, bus, truck exhaust 

4 Thermal 

• High or low temperature 

• High or low humidir\* 

^ Other 

• Formaldehvde 

Pl\'W(x:)d and pressed ^ood product.s 
Carpet and glue 
Draperies, furniture, etc 

• Carbon monoxide 
Boilers and furnaces 
Motor vehicle exhaust 

• Particulates 
Tobacco smoke 
Diesel exhaust 

• Carbon dioxide 

• .\ns and crafts 

• Molds 

In standing w-aier 
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Building Maintenance 
and Operations 

Once a building has been constructed, respon- 
sibilin* for preserving good indoor air quahc\- 
rests with the building operations and main* 
tenance functions. School S}'Stef?is nuiSt establish a 
comprehensii^ facilities tyiaintermnce program 

The office that supports this program should be 
involved before a ne^^' school or one that has un- 
dergone major renovation is accepted. This will 
enable its stafif to understand the building systems 
as designed and installed 

Program Management 

In order to implement a maintenance opera* 
tions program, three elements that must be pro- 
vided: 

1 Administratii^e Support from the highest 
le%'el of the organization, including a firm 
commitment from the school board and or 
supervisors must be solicited; 

2. Staffing by trained, and competent person- 
nel; 

3- Budgetary Allocations to provide the opera- 
tions and maintenance staff with the re- 
sources to provide the comprehensive serv- 
ices necessary to maintain indoor air qualits: 

The following ireas need to be addressed and 
documented in a written program: 
1. Inventory 

A. ^Iiat are the major building systems^ 
i Eleancal 
ii. HVAC 

lii Humidification 

IV Incineration 

V Plumbing 

VI. Special Areas: 
Loading Docks 
Food Services 
.An Areas 
Theatre Crafts 
.Automotive Repair Shops 
IndustriaWocational Shops 
Duplicating and Copy Rooms 
Teacher Lounges 
Gymnasiums-Pools 
Laboratories 
Storage Facilities 

2. Systems Description 

A descrtpuon of the systems, their specifica- 
uons. control parameters, and design should be 
pan of a Comprehensive Facilities Maintenance 
Plan. This is a panicularly important and otten 
overlooked program element It is nf crucial im- 



portance to both existing and ne^' staff in the 
building 

3. Operational Plan 

A written operations manual should describe 
how to actual Iv run the building s\stems The 
plan should provide a detailed step bv step proce- 
dure ctn'ering operation from start up to shut- 
down. Thib dt)cument will be an essential refer- 
ence for da\ to dav activities and is a useful 
training document for nevs' cu^oloyees. 

The written operational pica should cover the 
building s\stem instrumentation that will gather 
information or data on physical plant system per- 
formance It should list design criteria; perform- 
ance criteria: acceptable ranges for fluctuations in 
gauges, meters, and recorders, and trouble shoot- 
ing strategies Information on the frequeno' of 
both routine and pre\'entive maintenance should 
be part of the document. 

4. Comprehensive Preventive Maintenance 
Plan 

\ The Concept 

Pre%'entive maintenance should be incorporated 
into an\ indoor air qualic\ program It is vital to 
periodicallv check systems to pre/ent small defi- 
ciencies from blossoming into major costly out- 
,ige> For example, oiling a bearing on a fan sys- 
tem on a monthly basis will extend the useful 
lifetime of the unit and prevent the potential loss 
of make up or exhaust air necessarv' for adequate 
indtH)r air qualic\' 

B .Maintenance scheduling 

Scheduling periodic maintenance can be an 
iinporiant determinant of indoor air quality Both 
the rrequenci and timing are important For ex- 
ample, biological growth of fungi and bacterial 
<(rganismN have i)ften been isolated from a unit 
\Mnd(Jv\ ventilator vMth C(.)ndensation pans In 
M)me environmental studies, these organisms 
have been shovvn to cause disease in building <x:- 
cupant^ since school -system unit ventilators run 
thri)Ui»h<>ut the school year, thev' will accumulate 
M\ mcrcjMnii hioload as the year progresses and 
will p' iicjitialK be disseminating biologically ac- 
tive .ier<"ols {I ► the buildings occupants It the 
Nchuol s\stcm waits until June to clean and dism- 
t'c-ct these units, thcv ma\ pose a greater risk to 
building occupants than it they were to disinfect 
these units several times during the vear 

Preventive maintenance must be tied to the 
buildings uiili/.atit»n schedule For example, paint 
mg. coil cleaninu or other projects involving the 
(ISC' tit vi>latile oruanic (.liemicals sliould he 
scheduled to inmiini/e the number ot |')eople po 
icnuallv exposed These activ ities are best cl(>ne 
when ihcrc arc tew iKAUj'jants and the lacilirv ha.s 
(he opportunin. to air out 



5. A Materials Management Program 

It is important to understand that the chemicals 
used in housekeeping, maintenance, operations, 
pest control, and cateteria sen ices can effect air 
qualicv- and. subsequently the health of a build- 
ings occupants The chemicals used in the build- 
ing should be inventoried and a material safetv 
data sheet obtained from the manufacturers or 
distributors If the chernical composition is not 
specifically stated, the school has an ohli^mon to 
reject the material and thereh^' not subject the 
buildings popukuion to unknou n and poten- 
tially harmful effects 

The chemical composition must be evaluated 
with regard to hazardous ingredients and also 
hazardous reaction potential ba^ed upon the use 
or application VC'herever possible, materials, 
chemicals, and reagents that present the lowest 
toxic potential should be used. By this, it is meant 
that if two tloor strippers are evaluated, their sol- 
vent compositions should be compared on the 
basis of acute toxicicv; concentration to be used in 
the task, and vapor pressure Consideration must 
also be given to materials that present a risk of 
carcinogenic I cv. mutagen icicv. or toxic icv' to a spe- 
cific organ in the body 

Less toxic materials should be substituted for 
more toxic materials. In general, water soluble 
materials should be given preference to organic 
solvent systems. Materials that are higher in rlxsh 
point and/or have a lower vapor pressure are also 
preferred For example, latex, water-based paints 
are less noxious than oil-ba^ed paints If oil based 
paints must be used, special low odor paints and 
or ventilation practices can be employed, sulfuric 
acid based drain cleaners have resulted m the 
emission of hydrogen sulfide gas in some ln^tltu- 
tions. sodium hydroxide drain cleaners might be 
preferable. 

Minimize the quantities of potentially haz- 
ardoui> materials purchased, stored, and dis- 
pensed. One way of doing the latter is to evaluate 
the frequencv' ()f certain procedures For example. 
t)ne ini>titution issued a contract to an outside 
firm to perform pest control in cafeteria and food 
storage areas. The outside firm ^"os most anxious 
to appear conscientious and competent, In their 
zeal, thev- undertook a spray application program 
everv' five days. The compound selected for use 
had a " day half life ( i.e., if one pound were dis- 
tributed in the area. S days later half a p{)und 
would still he left on the surfaces). Within a short 
period of time there were no insects to be seen, 
nevertheless, the company continued to appiv the 
m.secticide. increasing the build-up of indoor en- 
vironmental insecticide concentrations In addi- 
tion, stored concentrated stock solutions were 
round to be leaking and emanating vapors that 
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were captured and circulated bv the building 
H\AC system. 

6. Roofe 

t^)()rlv drained roots mav be a potential source 
<it poor indoor air qualirv The architects ueMt>n- 
inu taciiitie^ Miould take special care to ensure 
:hat rootN are viund and well sloped MinimalK 
sloped roots in\ariablv pool water and leak or re- 
quire extensive maintenance involvmg adhesives 
or tars These materials frequentlv enter the air 
intakes The adhesives commonU used are potent 
central and peripheral ner\'Ous ssstem toxins The 
rooting tars are known to contain ^enMtizing 
agents, carcinogenic and mutagenic poU nuclear 
aromatic compounds 

These materials mav be particularly harmful to 
children with growing bodies Roofing operations, 
therefore, -should be undertaken when the ex- 
po^ures to building occupants can be minimized. 
The best time is when the school is unoccupied. 
^X'herever feasible, enclosed day tankers of tars 
should be used instead of open kettles to mini- 
mize the e\-olution of organic vapors. The tar 
tanks should be located as far from air intakes as 
possible and preferably downwmd from the 
building If such measures are not feasible, then 
certam air intakes should be temporarily blocked 
while provisions for supplemental uncontami- 
nated outside air are made using portable fans 

Pi:)oling on roofs resulting in stagnant, standing 
water can support the growth of algae, bacteria, 
and possiblv viruses that can be drawn into build- 
ing air s\stems. Leaks in roofs result in water 
damage or accumulation in ceiling tiles, rugs, or 
internal wall spaces. Fungi and bacteria that op- 
portunistically capitalize on this moisture have 
been found to be responsible for allergies and 
respiraton* disease. Consequently when roofs are 
N loped inadequately or roof repairs are 
p(^stponed, indoor air quality can easily be com- 
promised. >»^ter-damaged materials must be re- 
moved and replaced in a timely fashion before 
the\' serve as a substrate for biological growth. 

In buildings that contain asbestos surface or 
acoustical treatments, water damage represents a 
particular health threat, ^ter can delaminate as- 
bestos coatings, fireproofing, or decorative treat- 
ments The weight of water-soaked asbestos may 
be sufficient to separate the coating from the sub* 
Ntrate L'pon impact at the floor, free fibers of as- 
bestos can be released into the room and distrib- 
uted throughout the entire building. 

In buildings where xsbestos material has been 
encapsulated with a bridging agent, the weight of 
water from a leaking roof can bring portu^ns of 
the encapsulated asbestos dow-n The resultant 



fiber release from the interior of the encapsulated 
material then creates a hazardous condition 

Condensation Pans 

For \ears. chloroben (dichlorobenzene ) has 
been in common usage as an algaecide in con- 
densation pans Normailv it in mixed in a I to 4 
ratu) with water and a cup is placed intc) the con- 
densation pan on a monthh" ba^is One institution 
had t() e%'acuate pregnant office ^tarf with s\mp- 
toms of nausea, headaches and nulaise fitter a 
maintenance application of one gallon "f pure 
cloroben into an operating air handling s\stcm 
The organic compound volatilized and created 
airborne concentrations in excess of 200 parts per 
million (ppm) Chloroben has been associated 
with changes in bone marrow and blood cells it 
often contains a manufacturing contaminant, ben- 
zene, that has been associated with leukemia This 
substance is inappropriate in school settings This 
unfortunate incident highlights the importance 
understanding that "more is not necessarilv 
better." 

Condensation pans must he periodicalU' 
cleaned and checked to ensure that the\" are 
draining. If an algaecidal treatment is not oeri- 
odicallv administered, the drain lines can become 
blocked and must be reamed out Non-drainmu 
condensation pans can pro\ ide an ideal dark 
moist environment for biological growth w itliin 
air distribution systems. 

8. Welding, Brazing, Cutting or Soldering 

Maintenance operations, automotive repair and 
theater or craft pRKedures imohing welding, cut- 
ting, brazing, or soldering should be performed 
in ventilated facilities dedicated to those taskb 
Often, howe\'er these operations cannot be done 
in such a controlled setting and tield operations 
must be undertaken. VCislding, cutting, soldering, 
and brazing e\'olve toxic gases and particulates 
that should be vented t)utdoors If this is not pos- 
sible or impractical, then filtration is needed. To 
protea indoor air qualit>' a portable svstem 
equipped with a high efficiency particulate filter 
backed with an activated carbon tilter should he 
used. It IS essential that such svstems be equipped 
with a flexible capture hood to entrain environ- 
mental contaminants at their source. 

9. Mechanical Systems 

Pullev's, belts, bearings, dampers, heating and 
C(X>ling coils, and other mechanical s\s[ems must 
be checked periodically .\ checklist should be de- 
veloped that IS custom tailored for the particular 
building. This will assist the maintenance and op- 
erations staff when performing inspections 
Pulle\*s and belts should be tightened as needed 
and changed prior to failure Bearings should be 
lubricated or repacked to prevent nuu)r tailurc ut 
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vital svstem components, .^ir distribution dampers 
and baffles should be cleaned and cleared of de- 
bris periodicallv Failure to perform these ac- 
tivities will result in an increase in resistance 
causing a decrease in air ^upplv 

The air distribution duct netv^ork should have 
accei>s ports ti) facilitate \ acuuming deposited 
dubt and particulate matter It ma\ be necessary- at 
some point in the buildings lifespan to use a di- 
lute solution of bleach (sodium hvpochlorite 5%) 
to decontaminjte the inner surfaces of air ducts 
This procedure is particuhirlv useful if tobacco 
combustion products have condensed on the inte- 
rior surfaces of the duct resulting in a stale' air 
condition This t\pe of buildmg maintenance task 
can not be performed it the duct has an internal 
fibrous noise insulating lining Interior duct in- 
sulation should be avoided if at all possible. In 
addition, air filters must be changed periodicallv 

Building ventilation distribution necv^orks are 
svstems The common practice of arbitrarilv ad- 
justing the dampers or baffles to accommodate 
complaints from one area should be avoided Bv 
changing the air flow in one area, the system bal- 
ance IS shifted and distribution throughout tht 
entire netv^ork will be elfected. (f there are com- 
plaints. It IS recommended that the buildings air 
handling svstem be e%-aluated as a whole .\nnual 
air balancing should be performed to confirm 
thai the H\AC svstem and distribution net^'ork 
are adequate and meet design specifications 

In order for the building ventilation svstem to 
runction properlv, the control mechanisms must 
.)perate correctlv Gauges must be in calibration. 
Ncnsi )rs must engage at designated ranges, and 
transmission lines must not be defective. Pneu- 
matic and hvdraulic transmission lines should be 
Jieeked tor leak> The control mechanisms 
shi^ulJ be included in the annual preventive 
maintenance program. They should be checked 
more trequentlv if the ventilation svstem does not 
perform a.s expected. 

10. Vacuuming 

Normal industrial vacuums emit particles and 
tibers m their exhaust An improvement in per- 
formance can be obtained if they can be fitted 
with a high etficienc\- particulate airfilter (HEPA) 
UEPA \acuum.s should be selected in areas that 
lumht have spc^es or micrtx)rganisms HEPA vac- 
uum tiltration ensures that poteniiallv toxic or 
harmful aerosols are not dispersed while re- 
sponding to a problem HEPA vacuums are also 
recommended tor use in automotive and indus- 
trial shops and in cnUtt acti\ ities that generate 
dusts, tiimes. or particulates Drv sweeping in 
these area.s should be curtailed. 



11. Electrical Tjransformers 

Electrical transformers that contain polvchlori- 
nated biphenvls ( PCBs ) must be checked monthlv 
and inspected for leaks. The EPA has estimated 
that the risk of a transformer fire is on the order 
of 4O'100() units over a transformers lifetime 
The operations and maintenance program should 
contain a plan to either delist these units to PCB 
concentrations below so ppm or dispose ot the 
liquid and metal carcass. The EPA has enacted 
regulations requiring ner^'ork transformers to be 
decontaminated or scrapped bv IS)90 The EPA 
regulations require establishing an institution uv 
\'entor\' of transformers and capacitors that con- 
tain more than ^0 ppm of polvchlorinated bi- 
phenvls The transformers, capacitors, and 
transformer vaults must be labeled as speciticalU 
directed in the EPA regulations Local fire depart- 
menLs must be supplied with a list of the location 
and description of the electrical compi)nenLs con- 
taining PCBs A log btK)k of monthU inspectums 
of transformer vaults must be maintained as well 
as manitests documenting approved disposal 

Operations and maintenance procedures need 
to be drafted to maintain these units until the 
threat ot a fire or PCB uncontrolled release can 
be eliminated Ventilation to the transformer 
vaults mav need to be modifi'^d to pre\ent toxic 
combustion products from being transported to 
the mam areas of the building Floor drains 
should be sealed in the vault areas and the areas 
posted in compliance with federal regulations 
The operations and maintenance staff needs to 
have a working and written contingent' plan tor 
handling tires and spills ot polvchlorinated bi- 
phenv Is 

The E?.\ regulations do not specificalK require 
that PCB tluorescent light balla^Ls be handled as 
hazardous materials. Ballasts manufactured 
through \'^r>^ mav contain a small PCB capacitor 
Ballast railure can volatilize both PCBs and the as- 
phalt lar used to encapsulate the ballasts .Measur- 
able quantities of PCBs have been documented bv 
tiie EPA as lung as a vear post failure .Asphalt tars 
\u\v been associated with svmptoms of upper 
re^[Mraton. irritation It is recommended that 
these t\pe ot ballasLs be phased out as repairs 
and moditications are made in the buildings light- 
ing svstem Small quantities of ballasts can be dis- 
posed of as ordinary solid waste. 

12. Drains 

Drains m laboratories must be kept clear and 
m working order sediment in drain traps can 
[-provide an area where conditions supptirt the 
grtiwth and accumulation of biological organisms 
In laboratorv areas, broken mercury (her- 
nu»meters have often led to the pooling of metal- 
lic mercurv in the sink traps. This phenomeno. 
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can chronically introduce mercurv' vapors into the 
indoor air Acute exposures to plumbers and 
maintenance personnel must also be considered. 
Substitution of non mercur\' thermometers and 
gauges in laboratories is an easy pre^-entive solu- 
tion to this problem. 

The antisiphon traps in sinks must contain 
water to prevent nc)xious ()dors from the sanitary- 
sewer lines from migrating hack into the indoor 
air spaces Sinks and drains that are used infre- 
quently can dr\' out allowing a path for gases to 
enter Cupsinks in laboratory fume hoods and on 
benches frequentlv dr\ out and have often been 
found to be the sources of odors This problem 
can be resolved and pre\ented by periodically 
running water in these drams, plugging unused 
drains with a rubber stopper, or using a non-toxic 
liquid with a low vapor pressure such as ethvlene 
glycol to fill the antis\phon drain 

13. Building Use Changes 

Special care must be exercised when building 
space utilization is changed. Renovation, redesign, 
(.^r changes in building use can create situations 
that may lead to compromises in indoor air qual- 
ify For example, if a mimeograph or cc)py ma- 
chine is hr()ught into a small closet or other un- 
ventilated space chemical emissions such as 
mineral spirits t)r ozc)ne may suddenly become 
problems Impacts on heat load and noise le\*els 
must also be anticipated if new equipment is 
added to an already existing area. 

A common renovation problem arises when ad- 
ditional personnel need to be accommodated in a 
space Office or instructional are:is are often parti- 
tioned and additional furniture and equipment in- 
stalled. .-Vnticipate the need to modif>ing the air 
distribution m these situations ConverseK. when 
partitions are remcxed creating new spaces, the 
\entilation distribution and balance must be re- 
vised. Care must be taken to ensure that, m the fi- 
nal design, air supplies ate not located t(X> near 
the exhausts so that short circuiting does not oc- 
cur. 

14. Pipe Leaks 

Pipe leaks can occur through cc^rrosion. me- 
chanical failure, or because of the expansion t)f 
water due to freezing temperatures In any case of 
leakage, repair or replacement of the damaged 
pipe sectujn must be performed immediatelv It is 
important that any and all leaked water be quickly 
removed and disposed of by pouring into a sani- 
tary- or storm drain. It is prudent to have available 
wet vacuums, submersible pumps, and squeeze 
hr(X)ms and mops to handle water emergencies. 
^Xuter damaged ceiling tiles, rugs, insulation, or 
laggings must also be dried or removed and re- 
placed m a tirnel\- fashion to pre\-ent mold from 
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growing. Following storms, it is good praaice to 
inspect the building for discolored reiling tiles or 
leaks as signs of water problems Freezing can be 
pres'ented by ensuring that pipes that are poten- 
tially subjected to subfreezing temperatures are 
insulated or that the immediate spaces are con- 
nected to the heated interior of the building. 

15. Filters 

Mechanical equipment for \entilation. heating, 
and air conditioning contain filter media or 
screens to collect particulate matter from con- 
taminating the coils, fans and interior housings 
and duct work. Originally the primary- considera- 
tion ^-as to protect the system from contamina- 
tion and loss m efficieno' resulting in equipment 
shutdown and extensive cleaning. Recognition is 
now- given to the role filters can play in improv- 
mg indoor air qualit\'. 

Filters are primarily classified into three ^3) 
t\pes. mechanical filtration, adsorption, and elec- 
trostatic. Corresponding examples of each are as 
follows, fiberglass filters seen in our home fur- 
naces, self-contained filter fans seen in motel 
bathrooms that contain a charcoal filter, and large 
units usually placed on incinerators to remove 
charged particulate maner. 

School svstems are primarily concerned with 
mechanical filtration filters Commonly used are 
the replaceable fiberglass filter media, the me- 
chanical screen media that requires cleaning and 
recoatmg. and bag t\pe filters on large air han- 
dling equipment This filter equipment performs 
the function of coil proteaion, reduaion of par- 
ticulate maner to the air Supplied to the occupied 
spaces, and reducing dirt contamination to ducts 
and accessory' components. Filters are rated by ef- 
ficieno', air flow resistance, and contaminant 
holding capacity. The method of entrapment is bv 
impingement that locks the particulates withm the 
filter Filters have a life expectancy* rated in hours 
when placed in use for a given air flow with ex- 
pected contaminants. This life expectancv can be 
reduced by contaminants reaching the filter from 
events like se\-ere drv spells blowing excessive 
dirt or interior dust producing activities 

Filters in air handling heaung units should be 
changed based upon the pressure drop in the 
system and according to the manufaaurers rec- 
ommendations. In many cases, filters are not 
being changed this frequently Consider what this 
means to the i)peration of the equipment and the 
occupants of the space: 

I Equipment ctficiencT is reduced and more 
energy- is required to run the fan for pulling the 
.iir through the tilter 




2. Some contaminants pass through an over- 
loaded filter clogging the coils and entering the 
occupied spaces. 

3 Over an extended period of time the dirt 
collection on the coils will diminish the thermal 
transfer efficiencv' of the unit resulting in higher 
energ>' consumption. 

4 Contaminants on the coils can become a 
breeding ground for baaerial and fungus growth. 

The above comments on air handling heating 
units are applicable to all tvpes of equipment 
containing ventilation, heating, and/or air condi- 
tioning coil systems. One must consider the ex- 
pense of extensive cleaning to return this equip- 
ment to proper operation as compared to the 
cost of replacing filters on a scheduled basis. M\ 
filters are not equal. In procuring replacement fil- 
ter media, it is important to specifv' the proper fil- 
ter media for the equipment that it will be in- 
stalled on. Remember the charaaeristics of air 
filters: efficiency-, air flow resistance, and contami- 
nant holding capacitv' Consider these charac- 
teristics in developing your specifications for filter 
media replacement and the development of your 
schedule for replacing filters in your equipment. 
The results of these considerations are a healthier 
environment. energ\* savings, and reduced costs 
for unscheduled cleaning of coil and dua svstems 
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Codes and Standards 

The following codes and Ncandards are userul 
references to those involved in the planning and 
design of educational facilities Some mav m tact, 
be mandated directly bv State or local law or bv 
reference in adopted codes Manv lunsdictions 
adopt a code in an amended form to meet Npe- 
cific obieaives 

Thermal Environmental Conditions for Hunum 
Occupancy— ASHRAE Standard 5') I9S I Tlie 
standard specifies temperature and humidic\" con- 
ditions desirable for the comfort of healthv peo- 
ple 

VentiUuion for Acceptable indoor Air Quality- — 
ASHRAE Standard 62-1981 Now in the re%-ision 
process, an earlier edition of this standard. 
62-19"3. has been used extensively as the basis 
for ventilation air requirements in model codes 

HVAC Duct System Design— S.\L\C\A 1985 This 
manual prescribes techniques tor design of air 
distribution systems. 

Energy Consen^uion in \eu' Building Desi^^n — 
.^HRAE Staruiard 90A-1980 This standard, now 
undergoing revision, provides design guidance 
for energv' efficient building design It is the basis 
for the Basic Energy* Conservation Code 

Energy ConsenzUion in Existing Buildings — in- 
stitutional ASHRAE Standard 100 5-1981 This 
standard provides guidelines tor reducing energ>" 
use in existing institutional buildings including 
schools. 

Air Conditioning and Ventilaiing Systems — \FR\ 
Standard 90A This standard is the priman- refer- 
ence for design of air distribution systems for ef- 
feaive fire safety. The basis for most building 
codes. 

Basic-Sational Building Code B0C\'—1'^84 This 
model building code has been adopted bv (he 
State of Mar\'land and most counties within the 
state. It is amended by some lunsdictions to meet 
specific objeaives. 

Basic Mechanical Code— BOC\- 1984 This 
model code specifically addresses mechanical ^vs- 
tems It has been adopted by manv lurisdictions 
in Mar\'land. 

Basic Energy Conservation Code — 1^>84 This 
code IS similar to .ASHRAE Standard 9()A in code 
format and has been adopted bv manv Mate luris- 
diaions. 



Siting 

Environmental Iv poor building sues can con- 
tinuallv present negative influences on the indoor 
air qualit\' of a -chool. Effects of various site fac- 
tors are discribed below 

Roadways 

Schools located near streets and highways may 
have ele%ated le%'els of lead and carbon monoxide 
in the indoor air Road surfaces can also produce 
dirt and dust within a school building Factors 
that influence the potential impact of roadways 
.ire the proximirv" of the roadwav prevailing mete- 
orological conditions, and patterns of road usage. 

Vegetation 

Shrubber\' and trees must be used carefully 
since thes- can offer both advantages and disad- 
vantages to the building environment Vegetation 
can reduce wind-induced air infiltration and cap- 
ture particulates carried by outdoor air Hedges 
on the edge of school site can capture some road 
contaminants On the other hand, vegetation can 
be a significant source of allergens If planted low 
and close to a building, vegetation can encourage 
mold growth and distribute pollen directly into 
air intakes or other building openings. 

5oU 

Radon arises from the radioactive decay of cer- 
tain elements in the soil. Radon le%-els in the in- 
iAoot: air depend upon the concentration of radon 
sources in the soiL the potential for migration 
into the building, and the air exchange rate of the 
structure Below grade building levels are more 
susceptible to radon contamination, invented 
crawl spaces are also potential problems. There is 
a test to examine soil for radon. howe%-er. there is 
no agreement on how to inteqDret these tests and 
applC the findings to school building siting or de- 
>ign. 

School planners also have to consider prior 
usage of a site or adjacent sites before purchasing 
properrv for school use. Of particular concern are 
the prior use of chemicals as well as pre%'ious 
landfill and hazard w"aste disposal sites, 

Ventilation 

Introduction 

If the source of an indoor pollutant cannot be 
avoided or reduced, ventilation becomes the pn- 
mar\- means of control of air contaminants within 
occupied spaces Properlv filtered outside air is 
normallv sufficiently free of building or occupant 
generated contaminants ( such as carbon dioxide, 
bacteria, and tobacco smoke) io offer the means 
tor diluting ihose containinants In the absence ot 
strong sources, contaminant lL'\'els can be held to 
acceptable le\els h\ air supplied at the appropri- 



ate rate and well distributed. Recirculated am 
when filtered or otherwise purified to remove 
contaminants, is also used for effective dilution 
and control. Remo\-al of contaminants at the gen- 
eration source through exhaust ventilation, eg . 
hood exhaust in a science classroom, is another 
effective way to control indoor air qualiCN'. 

Outdoor Air 

The outdoor air employed for ventilation 
should not have contaminants exceeding con- 
centration limits stated in the National .Ambient 
.\ir QualiCN- Standards tNAAQS) as established bv 
the L" S Environmental Protection Ageno* and en- 
forced bv the Mar\'land Department of the En- 
vironment. 

If outdoor air gaseous and particulate contami- 
nant concentrations are Ivnown to exceed the 
maximum le%'els established by the EPA NAaQS. 
the air should be treated by filtration and sorp- 
tion or other proven gas remo\-al methods to re- 
duce contaminants to acceptable le%-els. 

Mv inlets and exhaust air outlets at the buildinc 
exterior should be located to avoid contamination 
of the ventilation air supply Contaminants from 
sources such as cooling towers, sanitar\' vents, ve- 
hicular exhaust from parking garages, loading 
docks, and street traffic should be avoided. NXtiere 
soils contain high concentrations of radon, ven- 
tilation praaices that place crawl spaces, base- 
ments, or underground ductwork under negative 
pressure could increase radon concentrations in 
buildings and should be avoided. 

Basis of Control of Indoor Contaminants 

Providing appropriately treated outdoor air at a 
sufficient rate to dilute contaminants that are gen- 
erated internalK by building occupants, pro- 
cesses, or building materials is a means ot achie\-- 
ing acceptable indoor air quality. Indoor air 
quality is usually considered acceptable if outdoor 
air of acceptable qualitv- is supplied to the oc- 
cupied space at the rates prescribed in Table 2. 
Generallv. the contaminants generated wuhm a 
space are assumed to be related to the occupants 
and their activities. 

The provision of acceptable outdoor air at the 
rates indicated in Table 2 is intended to achieve 
an acceptable level of indoor air quality by con- 
trolling CO> to a concentration of 1.000 ppm or 
less. CO,, not itself considered a harmful con- 
taminant' at this concentration, is used as a surro- 
gate measure for other contaminants common to 
those occupied spaces, including some particu- 
lates and odors The outdoor air being supplied 
should be appropriately treated and cleaned to 
reduce dusts, pollens, smoke, and other particu- 
late or gxseous contaminants to an acceptable 
level 
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Iable2 

Outdoor Air Requirements For Ventilation* 



Applications 



Classrooms 
Laboratories 
Training Shops 
Music Rooms 
Libraries 
Corridors 
Auditoriums 
Smoking Lounges 
Office Space 
Conference Rooms 
Reception .\reas 
Locker Rooms 
Gymnasiums 

(Playing Floors) 
Swimming Pools 
Spectator .-Kreas 
Public Restrooms 
Darkrooms 
Kitchens 
Cafeteria 



Estimated Max. 

Occupancy 
People/ 1»000 Ft.^ 

SO 
30 
30 
SO 
20 

ISO 
"0 

SO 
60 



30 
30 
ISO 



Outdoor Air 



20 
100 



CFM/ 
Person 

IS 
20 
20 
IS 
15 

15 
60 
20 
20 
15 



20 
20 
IS 
50 

15 



CFM/ 
Ft.^ 



0 1 



OS 



OS 



Notes 



\'<.te 1 
Note 1 



Note 2 

Note 3 
Note 4 
Note S 



Note 1 Special contaminant control systems may be required for processes or tunctions 
Note 2 Supplementary- tobacco smoke remo^-al equipment may be required. 
Note 3 Higher values may be required for humiditv' control. 
Note 4 Value given is cfm per ^Titer closet or urinal. 

Note S Make-up air for hood exhaust may require more ventilation air The sum . >ut- 
door air and transfer air of acceptable qualitv' from adjacent space.s shtiuld pro- 
vide an exhaust rate of not less than 1.5 cfm per ft - 

• Table 1 and oih^v material contained in these guidelines have been extraaed from propK^sed \>HK-\E 
Standard 02 i98lR published in drart form for public rev-KT*' dated lulv IS 1986 It must be re<.< »;4nizeLl that 
certain data and material ultimately published in liie completed standard ma\- ditfer trom chat ^timained in 
the draft 



Exhaust air from one space sometimes can be 
used as supply air to another space where differ- 
ent coniaminants are generated (corridors and of- 
tke spaces exhausted through toilet rooms or ad- 
jacent areas exhausted through kitchens): this 
exhaust air should then be considered equivalent 
to acceptable outdoor air 

A space may require ventilation to remove con- 
tamination generated withm the space, but unre- 
lated to human occupancy (eg., outgassing from 
bull ng materials or furnishings). For these 
cases. Table 2 lists quantities of cfm/ff^ or an 
equivalent term. If human carcinogens or other 
harmful contaminants are suspected to be present 
in the occupied space, other relevant standards t)r 
guidelines requiring higher ventilation rates (eg . 



OSHA, ER^) must take precedence over these 
guidelines However, in general, evet^- effort 
should be made to eliminate highlv toxic mate- 
rials from the school If suitable ^ub^tltutes can 
not be found, well-engineered local exhauNt svs- 
tems should be employed if appropriate. 

^Xtiere se%'eral rooms are supplied from a sin- 
gle ventilation svstem. those rooms with high ven- 
tilation rate requirements, such as conterence 
rooms, mav not receive an adequate amount oi 
outside air. This situation often results when the 
amount of outside air is determined bv summing 
the requirements of the areas served by the '^v^- 
tem For example a conference room mav require 
-supplemental ov independent ventilation to en 
sure that the amount <^f outside air per person ^^ 



sufificient to achieve the indoor quality. 

The estimjfed maximum occupancy density- fig- 
ures given in L^ble 2 are a guideline that may be 
helpful where more precise information is not 
available. In some cases it may be difficult to de- 
rive an estimated maximum occupancy density 
figure because the number of persons cannot be 
estimated accurately or varies considerably 

^"here peak occupancies are less than three 
hours, the outdoor air flow rate (i.e., cfm/person 
or cfm/ft^) may be based on the average occu- 
pancy level for the area during the period the sys- 
tem is operating, provided the average occupancy 
level is not less than half the maximum occu- 
pancy- figure for that particular area. Automatic 
dampers or fan operations can control the quan- 
tity- of outdoor air to sufficiently dilute airborne 
contaminants to an acceptable level. The system 
can be operated so the dilution is achieved be- 
fore people arrive (lead occupancy) or after they 
arrive (lag occupancy-). 

If the source of contaminants are related to oc- 
cupants, such as a build up of carbon dioxide, the 
system will have to supply an outdoor air supply 
at a rate high enough to ovenake the rate at 
w-hich contaminants are generated. During this in- 
terim period, people should not experience dis- 
comfort from the build up of contaminants, ^'hen 
contaminants are generated inside the building 
independently of the occupancy, the system 
should be operated so sufficient outside air di- 
lutes the contaminants before the people arrive 

^X'here contaminants are occupant related, in- 
struments may be used to sense the level of CO^ 
in the building and automatically regulate the 
amount of outside air brought into the ventilation 
svstem. Thus the system only draws enough out- 
side air necessan- to maintain the contaminant 
level below a set lev-el for any given time. This 
provision has the potential for significant energy 
savings 

>X'hen spaces are unoccupied for long periods 
uf time, ventilation is not generally required un- 
less necessary to avoid the accumulation of con- 
taminants harmful or obnoxious to incoming oc- 
cupants, the building or its contents. Ventilation 
should be introduced before people arrive when 
necessary- to control building generated contami- 
nants 

Natural Ventilation 

Natural ventilation is defined xs the movement 
ot air into and out of a space through inten- 
iionallv provided openings such as windows and 
doors, through non -powered ventilators, or by in- 
filtration 

IS 



Natural ventilation in Mar\'land schools is nor- 
mally a supplementary rather than the primary- 
means of ventilation. The ability to provide ven- 
tilation through operable w-indows is desirable 
for emergency use; for example, as heat relief in 
the absence of air conditioning or for purging 
smoke from a fire. If employed, naairal ventila- 
tion should not prev-ent reasonable control of the 
thermal environment or otherwise impair the in- 
tended use of the space. 

Space Distribution 

Ventilation air should be distributed uniformly 
within the occupied zone of a building space. 

The amounts of outdoor air listed in Table 2 as- 
sume good mLxing with recirculated air in the 
supply air ventilation system, and uniform distri- 
bution within the occupied zone. Ventilation ef- 
feaiveness can be stated as the ratio of the 
amount of outdoor air reaching the occupants 
compared to the total amount of outdoor air sup- 
plied to the space. Ideally, the ventilation effec- 
tiveness of a space should approach unity (1.0) 

If the air distribution allows the ventilation air 
to bypass the occupant as it moves from supply 
outlet to point of exhaust, the ventilation effective- 
ness will be less than 1.0. 

Ventilation effeaiveness of the air distribution 
within an area determines the capability- of the 
supply air to limit the concentration of contami- 
nants. The value can be less than 1.0 for both 
constant and variable a' - volume (VAV) systems 
However, effeaiveness may decrease for VAV sys- 
tems as air flow is reduced. Supply air flow re- 
duaion occurs in VAV systems in response to a re- 
duced thermal load (not aecebsarily coincident 
with reduced contaminant generation ),therefore. 
the capability to control contaminant levels .nay 
be lowered. 

A space with good air distribution and with 
supply and return locations that will minimize 
chances of shon circuiting supply air to the re- 
turn outlets can be expeaed to have a ventilation 
effeaiveness near I.O. Inferior spacp air distribu- 
uon and VAV systems operating at reduced flow- 
can result in ventilation effeaiveness of SO per- 
cent or less. 

VC^en ventilation is less than 100 percent effec- 
uve, outdoor air flow should be increased in an 
inverse proponion to compensate. 

Vuiable Air Volume Systems 

Variable air volume systems are commonly de- 
signed to ( 1) maintain a constant outdoor air sup- 
ply to the air conditioning system (not to each 
space served by the system) or (2) vary the out- 
door air supply in proporuon to total supply air 
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\AV sy-stems should provide a minimum total 
air flow to an individual space at least equal to 
ihe outdoor air rate stated in Table 2 for the max- 
imum occupana- anticipated. 

Svstem control should also assure that the sys- 
tem outdoor air quantity* not be reduced below 
that necessar\- to avoid excessive contaminant le%*- 
els as the total svstem air flow responds to space 
temperature control demand. 

System Distribution 

Microbial contamination can originate from 
^•ater resen-oirs in the air conditioning distribu- 
tion system and cooling towers. Condensate pans 
in air supply units should be designed for self- 
drainage to preclude the build-up of such con- 
tamination. Provision should be made to permit 
access and periodic cleaning of cooling coils and 
condensate pans in central air handling and room 
units. VChere humidification is necessary; steam is 
the preferred moisture source, but contamination 
from boiler water or steam supply additives 
should be avoided. Recirculating water sprays and 
associated reservoirs require frequent mainte- 
nance and blowdown. and their application in ed- 
ucational facilities should be limited to special sit- 
uations. Mineral contamination can also occur 
due to e^•aporatlon of aersoling humidifiers and 
sprays; a demineralized make-up water source 
mav be required. If the relative humidity in oc- 
cupied spaces and low velocity ducts and plen- 
ums exceeds "^0 percent, fungal growth and con- 
tamination can dramatically increase. Entrainment 
of moisture drift from cooling towers into the 
make-up air and building vents should be 
avoided. VCater in cooling tower systems should 
be treated with baaeriocide. Performance of the 
treatment should be monitored, 

\entilating ducts and plenums should be con- 
structed and maintained to minimize accumula- 
tion of dirt and moisture thereby inhibiting 
growth and dispersion of microorganisms 
through the HVAC system. They should be fabri- 
cated to minimize bends and internal lips or pro- 
leaions at the joints. Such structures cause tur- 
bulent loses in the system and become sites of 
dirt accumulation. Likewise insulating the duct 
helps avoid cold surfaces that lead to moisture 
deposits. Internal linings should be avoided or 
their use minimized. Access to the interior of 
ductwork should be provided at key locations for 
inspeaions and cleaning. 

Particulate and gaseous contaminants from local 
sources within a space should be captured, col- 
lected, and removed as close to the source as 
practical; for example, bench and hood exhaust in 
chemistry laboratories, photography darkrooms, 
art studios, and vocational shops 



An adequate make-up air source, such as an in- 
let from adjacent space or outdoors, should be 
provided for local exhaust, clothes dryers, and 
combustion equipment. Contaminated air should 
not be recirculated, discharged into anics. crawl 
spaces, or near outdoor air intakes. 

Recirculation, Filtration and Purification 

Airborne particle contaminants var\' in size \U- 
croorganisms. dusts, fumes, smoke, and other par- 
ticulate maner may be captured by air filters. 
Many bacteria (99 percent exceed 1 micrometer 
in size ) are attached to larger particles >uch as 
human skin flakes. Viruses generally occur in 
clusters or on other particles. Tobacco smoke 
consists of particulates in the respirable range 
and gases. Indoor air quality is greatly imprcxed 
when particulates are removed from both out- 
door and recirculated air Thus the ventilation svs- 
tem should always employee filters or some other 
effeaive air cleaning device. 

Removal of paniculate contaminants from both 
outdoor and recirculated air contributes Mgnifi- 
cantly to indoor air quality by reducing the con- 
centration of such impurities within the occupied 
space. Therefore, the recirculation of air emplov- 
ing filters or other effective air cleaning tech- 
niques to materially reduce the concentration cf 
particulates generated withm the building will im- 
prove the indoor air quality. 

Filters used should have been rated for effi- 
ciency. I.e. tested in accordance with .\5HR.\E 
Standard "^2-^6 Higher efficieno' filters (above 50 
percent) can be effective at reducing levels of re- 
spirable particles. Filters can also be specified 
based upon their removal efficiency for particles 
of a specific particle size. 

Filter efficiencies in the order of 30 to "^0 per- 
cent can frequently be justified, though slightlv 
higher in cost than those of lower performance, 
because of the improvement obtainable with in- 
door air quality. 

Dust collectors may be wet, dn". or electrostatic 
OS required by particle size and loading 

Control of gaseous contaminants, where neces- 
sary because of poor outdoor air quality or inter- 
nal generation, usually requires methods based 
on sorption with or without oxidation. Such 
methods are generally expensive but mav be tai- 
lored to deal with a specific contaminant. Com- 
monly used sorbents are aaivated charcoal and 
potassium permanganate. The maintenance proce- 
dures attendant with such purification techniques 
are complex and require special attention In ad- 
dition, sorption methods do not work well when 
they are applied to large areas or used to ct>ntrol 
high levels of contaminants 
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Building Materials 

Some building materials may produce van'ing 
amounts of air contaminants. The decisions that 
facilic\' planners and architeas make concerning 
building materials can increase or decrease the 
number of air contaminant sources This section 
discusses many common building materials and 
their relationship to indoor air qualiiy. 

Pressed Wood Products 

School construaion frequently uses pressed 
wood products in a \'ariec>' of applications Parti- 
cle and chip-boards are composed of processed 
wood often bound together bv amber colored 
glue composed of urea-formaldehyde. The mate- 
rials are pressed together to form a hard, smooth 
board that can be used to form cabinets, wall 
sheathing, and furniture. Plwood and wall panel- 
ing are built up in layers of thin wood shaved 
from logs and bound interminently with the same 
c\pe of glue used in particle board. 

Since pressed wood products are in many cases 
much cheaper or more desirable than their alter- 
natives, the\' have become ven' popular, especially 
true m prefabricated or otherwise mass produced 
products such as cabinetry 

Newly manufaaured urea-formaldeh^'dc prod- 
ucts are believed to release much more formalde- 
hvde than do products which have been allowed 
to age. The half-life for these materials is from 
two to five years and aging may eventually render 
most formaldehyde-emitting materials harmless 
Higher temperarures and higher humidity are 
known to increase overall emission rates from 
these materials. Most formaldehyde-related com- 
plaints have been associated with newly built and/ 
or renovated structures. In view of the significant 
increases m release rates for formaldehyde -con- 
taining materials when they are exposed to heat 
and humidity, these materials should not be 
placed in areas where heat and humidity are ex- 
peaed. 

Federal regulation (CFR 24 Part 3280) ad- 
dresses formaldehyde emission from pressed 
wood products used in manufaaured homes. Any 
buver can obtain plwood and particleboard that 
would comply with this standard if specified in 
the construaion documents The National Par- 
ticleboard Association and the Hardwood 
PK-wood Manufactures rXssociation have a volun- 
tarv' standard for formaldehyde emission ( S?\ 
8-86 and HPMA FE-86) which equate to the fed- 
eral standard. 

Concrete, Brick, and Rock 

The main pollutant of concern from the pres- 
ence of concrete, brick or rock products is radon 
gas. However, truly hazardous radon emanation 
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rates are rare. Studies and sur\'e\'S of concrete 
used in \'arious parts of the United States have 
shown that emanation rates from random con- 
crete samples have only small magnitudes. Rates 
for brick and block are, topically e%'en lower. 

Gypsum Board 

G\psum is a major component of wall-board 
(sheet rock), .^though it has been theorized that 
gvpsum made with phosphorus-containing mate- 
rial would produce significant amounts of radon. 
5ur\'e\'S have indicated that no significant increase 
in indoor lev-els of radon have been attributed to 
this source. 

Roofing Materials 

Asbestos-containing roofing felts have been 
used in construction since the early 1900s and 
continue to be used today T>pically roofing felts 
are used as an underlayment for shingles to en- 
sure waterproofness of the roof Roofing felts are 
commonly 10-15 percent asbestos and may be- 
come friable as they age and deteriorate. 

Building, Pipe, and Duct Insulation 

The primary insulation materials to have an ad- 
verse impaa on indoor air qualit\' are: 

• Urea-formaldehyde foam insulation (UFFl); 
and 

• Sprayed, troweled, or pre-formed asbestos- 
containing acoustical, fireproof, and thermal 
insulation. 

In the past, UFFI was used as on insulauon ma- 
terial because of its many desirable properties. 
UFFI could be injeaed as a liquid into existing 
walls and then foamed to drastically increase its 
volume, enabling it to completely fill any voids m 
wall spaces. The precise formulations used in 
these applications were usually proprietary, but. 
essentially UFFI consisted of the same glue used 
in various pressed wood products, a strong acid 
used to cure the glue, and a foaming chemical 
called a surfactant. These agents were mLxed at 
the injection point and immediately introduced 
into the wall to be insulated 

Environmental faaors and improper formula- 
tion can lead to significant emissions of formalde- 
hyde from this type of foam insulation. High hu- 
midity increases the decomposition rate of the 
polymer, leading to formaldehyde release. Excess 
resin m the mLXture will also evaporate over a pe- 
riod of time. Since it is not chemically bound. In 
addition, temperatures above that of a normal 
room will significantly aggravate both of these 
conditions UFFI has now been banned in Canada 
and parts of the United States. 

.•\sbestos has been used in a wide varietv- of 
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building materials, .^bestos can give off ven^ 
small fibers when it is disturbed or degraded. 
The fibers will float in the air and. when inhaled, 
may become lodged in the lungs. In light of the 
hazards posed by the presence of asbestos fibers 
in the air. it is essential to avoid the use of these 
materials in ne^* construction. 

Caulks, Sealants, and Adhesives 

These compounds are used in a variecs* of ap- 
plications. Caulks are used around windows and 
doors to lower infiltration rates through building 
envelopes. Caulks are also used in bathrooms 
around showers, water fLxtures. and tile to pre- 
vent v^-ater leakage. Sealants are commonly used 
to v^-aterproof surfaces and roof joints Adhesives 
are used to mstall asphalt tile, to secure ^-all and 
floor panels, and to fulfill a variet\- of mis- 
cellaneous needs 

\'OC emissions from sealants, adhesives. and 
caulks are difficult to charaaerize. A large num- 
ber of different compounds have been found to 
be emiaed from these materials. The composition 
and intensity- of the emissions v^arv' depending on 
the compound. In large part, these emissions de- 
pend on the c\pe of solvent used in the specific 
formulation for each compound. Also, emission 
rates tend to be highest during the curing period. 
Studies to date indicate that it would be prudent 
to reduce the use of these materials to the extent 
possible and provide adequate ventilation when 
in use. 

Floor Coverings, Carpets, and Vinyl Products 

.Adhesives used to apply flooring often conums 
voCs capable of causing health problems The 
main contaminant emanating from carpet is for- 
maldehyde used as glues in carpet backings \'inyl 
products can off- gas plasticizers. Both these emis- 
*^ions diminish dramatically over time. >Xool fibers 
can cause allergic reaaions in sensitized indi- 
viduals. Vinyl asbestos tile remains in many 
'School and office buildings. Acceptable work and 
disposal praaices must be used when repairing, 
removing, or otherwise disturbing this material. 

Paints 

Paints are highly variable mLXtures ot \'OCs. 
and it is difficult to predict emission rates \OC 
release is shornerm during the curing process 
with much lower le\'els over a long period of 
time. Paint should be applied and cured only in 
we II -ventilated conditions. 

Thermal Environment 

Air Temperature 

The air temperature in a space that is likely to 
produce acceptable comfort to a majontv* of ikcu- 
pants IS dependent upon several interacting vari- 



ables. They include individual physiology, 
clothing, activity, and preference. For classrooms 
and offices where students, faculty, and staff are 
mainly sedentarv; 68* to "6"^ represents a range 
of acceptability during winter. During summer, the 
range of acceptabilitv- will be higher The effects 
of other v'ariables upon the acceptable le%'el of air 
temperature are discussed below. 

EUdiant Temperature 

The body transfers heat to and from surround- 
ing surfaces, such as walls or windows, by radia- 
tion. The rate of exchange is dependent upon the 
temperature difference between the bodv the 
space geometrv', building construction, and the lo- 
cation of the individual. A space enclosed e\ en 
partially by cold walls will require a higher air 
temperature for comfort than one with surfaces at 
space temperature, especially for those seated 
near the cold surfaces For example, students 
seated near a large window without a source of 
heat to warm the glass surface will notice radiant 
heat loss to that surface during cold weather 
They^ will generally prefer a ^-armer room or 
more clothing than others in the room farther 
away from the outside wall. Radiation to the body 
to or from the cold or hot surfaces may be as> m- 
metrical (e.g.. radiation on the back, but not the 
front) to a degree that discomfort will result re- 
gardless of adjustments in air temperature Such 
discomfoa can occur where a person is seated in 
direa sunlight or close to a large, unheated or 
unshaded single-pane glass window. 

Uniformity 

.Air temperature within a room generallv in- 
creases from floor to ceiling If a sufficientlv large 
difference exists in the occupied zone so that the 
temperature at the head is more than higher 
than near the floor, discomfort mav result Good 
air mLXing. and insulation of ^-all and floor sur- 
faces can reduce temperature differences 

Floor Temperature 

To minimize foot discomfort, the surface tem- 
perature of the floor ';hould be between o^T and 
8h*F Floors of occupied spaces above unheated 
areas require adequate insulation. Similarly floors 
above boiler rooms may require msulatiun. if not 
for foot comfoa. to control heat gam to the space 
above. 

Temperature Change 

Some space temperature controls can pn)duce 
sufficiently large changes or rapid rates of change 
in the operative temperature ( as defined by .ASH- 
RAE) of a space that will cause discumfort. Con- 
trol strategies that may cause this phent')mena are 
two position (on-off), wide dead band (a large 
space temperature span between modes of air 
conditioning when the control provides neither 
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IS small If the humidtr\ is too high v^r In^ 
concerns nuv jnse owe mold or hactena growth 
jnd respiraton liealth effects It is usuallv neces- 
sar\ to limit humidir\ le\els m winter to pre\ent 
condensation on windows metal sa>h and unmsn 
laied walls 

Comfort Chart 

higurc 1 taken trom the .VsHR.\£ Mandard 
S^.19xi. describes ^eneralK a^Leptahle ranues « tf 
temperature and humid ir\ U)r light K cK'theU 
maiiiK ^edentat'N adults 



Flgiire 1 




80 70 ao 900F 



heating nor coohng). and w ide pn)portioning 
hand I requiring a large air temperature change at 
the i^onirol to \ar\ the heating or cooling trom 
minimum to m.Lxinuim capaciry > For example, a 
prolonged orr-c\cle for a control of a heater on 
an outside wall could result m down druts at the 
wall and a large ciiange in temperature especial K 
m the lower level tit the t.^cupied A)ne close to 
the wall 

Humidity 

in educational facilities the thermal etfect i»r 
humidit\ ^»n the comfort of -cdentarN indi\iduaN 



OPERATIVE TEMPERATURE 

Vrccpuble ranR« t>pcraii\r temperature and humidit\ for persons clothed m t\pcjaJ 
summer jjkI winter clothing, at light, mamlv sedentirv. aaivnt\ 
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Air Movement 

W hile little or no air movement ma\ be neces- 
Nan to achieve thermal comtort. the dilutu)n oi 
contaminants within the occupied zone or sub- 
/(Mies will require etiective dilution with adequate 
anvaints ot \entilation air {t)utdt)or or recircu- 
lated air appn ipriateK conditioned h\ tiltration. 
puritiLation or buihi ^^uppK and return air distri- 
butum '^^ stems scrMiig o^^cupies zones should be 
^l^signed and operated to achieve et'tective ventila- 
tion and temperature unitormirv during all oper- 
ating modes during the occupancy period In 
winter average air movement above 30 tt?et per 
minute in the occupied zone ma\ reNult in un 
^» >mtoriahle ^IrLUts 



"^"here a sanstactorv thermal em ironment must 
he prov ided rbr certain Nectton^ ot' a schotjl build- 
ing at times when most ()t' the building is unoc- 
cupied and unused, separate systems with inde 
pendent control ot heating and C(u»ling ^ill be 
neces>ar\' For example, it wuuld be un- 
economical to air condition an entire '^cho« .1 
huildmg in summer months v\hen unlv iIk- > 'trVc 
start may be at work and require <womtori 
condition> 



Clothing 

The insulation value ot clothing vanes depend- 
ing upon the season and the t)utdoor climate- in- 
door clothing worn in winter can be twice that 
worn in summer Thu> the comfort range ot oper- 
ative temperatures i.s higher in summer than in 
winter Since this shitting ot the comtbrt tem- 
perature range i> u>ually consistent with energ\' 
con>er\'ation it also is a sound basis tor operation 
and. where necessan'. seasonal adjustments ot 
space thermostat settings. Additionally, appropri- 
ate attire to the season should be encouraged to 
promote comtort and effective energv- use. 

Activity Level 

The range ot comfortable operative tem- 
peratures shift downward as the average phvsical 
activit\ level and metabi)l!C rate become higher 
than the level tor lighth' clothed, mainh sedentary- 
activitv upon v\hich Figure I is based. Fe)r equal 
cli>thing insulation, industrial arts shops with 
higher levels of activitv than the average class- 
room could have comtort ranges below- the 
rvpical classroom flowever this shift in the com- 
fort range could be materially offset bv shedding 
of M)me ^.lothmg — a common occurrence with 
the onset ot greater physical activit\'. 

Zoning 

Building spaces with dissimilar heating and 
^.ooling load characteristics, such as amount ot 
v\indow exposure, occupancy- patterns, and inter- 
nal energ\" sources should have independent 
means ot temperature control Interior spaces 
generally should not be on the same temperature 
Lontrol zone as spaces on the perimeter ot the 
building In winter, interior spaces frequentlv mav 
require cooling while perimeter spaces mav re- 
quire cooling or heating. 

Interior spaces, such as offices, mav be grouped 
I >n a i.omm(iti /one w hen the thermal load ehar 
aciL-ristics and ueLUpanL'^ profiles are ijuiie sim 
liar t.lassrotims. libraries and g^ mnasiums 
-hMukl i^e /oiK'd scparatelv 
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specific Educational 
Programs 

In the design process for public school facilities, 
architects, planners, engineers, and educators 
must be a^-are of the potential health hazards 
associated with specific educational activities. The 
following table addresses each aaivity. its potential 
indoor air contaminants, and recommended con- 
trol methods for elimmating or reducing potential 
health hazards. 



Specific Educational Programs (Table 3) 



EH>tential Contaminants 



Control Methods 



VISUAL 

ARTS 

AREAS 



.\n nuicmls thai m*' offea indoor air quiiirv 
md pcfsorul healih lnclud^ Clavs containing 
iilia dusL lumcs ind gases produced Junng 
loin finng. painung. pigmenc in po*'dered 
loan, \inushcs and lacquers, aonc. *TXKt 
meal. phsDC, vxl xids. inks. soKtno 



1 Ne\rr worx with produos when l^c composmon is unkno*-n; 
I OxLn maEcnal satnv daa sheets on products used 

5 Use less hazardous subsututcs for hazardous marnals. l e . asfaesos-frcc talcs. Icad-trce gbzcs moist premwed nuw 'sjn 
pc»rlercd pigments, glazes, and colorants. 

* De\Tetop a list of tiuienals noc to be used, c g.. benzene, carton ictradilonde. teL'acnloroethslene. ,:hloro<omi ui- 
»:hloro«hs'lene. cartjon disulfide, dioxanc. and phenol: 

'I If a all possible, provide educmonal aoivincs thai do not require respiraior^: 

0 Use appropnaie protecuvt equipmera. such as gkws, face sruelds. and aprons. If rcspL'ators re used. recuirements 
in OSHA reguiauon i9 CFK1910 134 must be met 

* Maintain good housekeeping; 

3 FbUow approvtd methods d disposing of hazardous subsanccs according lo Maf\1and Department d tne Ei\ironmcnt 
Regulaiions. 

Mechanical. Local exhaust (a mmimum of 100 (jpm. jvenge. across the Qcc of the noodi must be prc^idca vnen ^^rxLig 
*ith hazardous maienals This includes the use of canopy hoods c^rr kilns, mc^^le cduusi hoods tor *ei»ing, spras 
booths for air brush and paint sprwmg. and slot hoods Of enclosed hoods for acid etcnrng. 



XHEATER Theaier cntts including props, scenen' ligni" 

ru A CT «-'osnjme areas use or produce a *idc 

LKAr 1 ^^g^. of (ojjc maienals. These maienals in- 

AREAS >:lude pondered pigments and dvrs. nreprootmg 

oiemials, \'anous tvpes of plasuc rcsm coaong 
>-\'stcms. sprav adhestves and glues, ^tiding and 
<oidcnng maienals. sawdust floor waxes, metal 
rouge, powdered metais. vtnrnculie. and paints. 



1 Purchase onh' maienaJs inat have labels. 

1 Obtain maienal safctv' daia sheets for all products. 

5 Subsurute wicr based products ^^hen possible: 

4 Owose products m soluuon rather than powdered fom. 

> Use appropnaie proteoRV equipment, i c . gk^rs. goggles. 

0 label containers 

" Keep containers closed *-hen not in use-. 

3 Medunxal Thcaier workshop areas and backstage areas should be pv^ the same consideration for \enulaiion as 
tnal education and visual arts labotaioncs PrcvisKXis should be made to accommodafic tne ^-anous t\-pes ot' aoiviues li 
herent to cheaicr operations. i e . *Tf Iding. sptw painting, cutung. and nulling. Theaicr operaoons snould a iccai a- 
hjust s\-s(em for processes that produce airborne contaminants. 



INDUSTRIAL/ 
VOCATIONAL 
SHOPS 



IndustnalAboDonal educaoon operaoons 
have pomal heakh hazards include ma- 
^:hmlng. ceramic coaing, drv grinding forming 
and forging, grinding operaootu. molten metals, 
open surfice tania. paint sprving. plating, vapor 
iegrcasmg. as furnaces Of cwen heating opcfa- 
Dons I annc^ung. baking, drvmg, etc i high tem* 
petaiurcs for hot casang. unla^etl sieam pipes, 
process equipment *et grinding, and gas or 
clectnc arc *-ddmg. 



1 Substitue a less harmful maienaJ for one thaiis dangerous lo health. 
I Qunge or alter a process to inimmize student coniaa 

3 Isolate or enclose a process or *T3fk operanon to reduce the number of persons exposed. 

1 Use *et methods to reduce generaiion of dust in opetanons. 

> L'se appropnaie personal protective dCMCCS as recommended \y*' the manufacturer 

b &tercise good housekeeping, including cleanliness of the Mxk place, wasr disposal and adequate *asmn«. 

" Mechanical 

1 a ) Industnal arts faabucs must be thermallv treaed for \tar-round use vih special ancniion being pvm to mccnan- 
icalK' forced m s\'stems that pnwde for the ^tnulaDoo and orculanon of fresh ait TTte amoum of \-entiUiion m 'e 
quired is dependent upon the npcs of activities to be conducrd. This shouW be demnined earh" in the ^ign pro- 
cess, because it is important for student and teacher comfort and the prorcnon of equipment from rua and 
corrosion damage due to accss humidirv; 

' b ) Special consideration must be gi\tn lo kxal exhaust from W» for special aoiviDcs. such as tor tumcs xenenieo ^ 
*x;lding. furnaces, masonrv- dusL and sprw painung, toheser or stainless sted exnaust noods ano Juos are :e\.^D 
mended for fumes from the use of plastic maienals. 

icl cthaust sv-stem must be provided for each wdding booth arei Each *«lding bootn should meet, at a fmmmum 
MOSHA standards. 

■'d) \ means ol exhausting engine tumcs lo the outside must be prcMded in instnicuonal arr-» ^'here mtemaJ ^ombuy 
uon engines are u^. 

<e» Separaie ^'/C controls for industnal arts laboratones should be provided if evening programs or oie < ine inousiraj 

jns facilitv IS planned ii umes other than durmg the school dav. 
• ri VI exhaust s\-stem *ith HEft fUefs should be used »-hen changing brake linings 
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Poccndal Cootamiiunts 



Control Methods 



WELDING ^ number d pcxcnoaUy ruzardous maieruls 

4»T£j arc emplatd in fluxes, coanngs. comngs. and 

rjnrmsr ^ ^ welding and cumng or are 

CLTTING released lo the atmosphere dunng welding and 
AREAS oimn^. These inducie. bui are noc limited to. 

admmm. fluoruw compounds, zinc, lead ber^'l* 
hum. mercur%-. chlonnaied. chrome, tn-droor- 
bons. carbon monoxide. 



I Store ihmmable gas CMinders and o.xv'gen c\-lincef5 in storage separated \^■ 20 Ccct or a oarner ^ te« .'ugn naving a one 

hour lire resistance raung. 
i Secure and store cv-linders fttere thfff cannot be knocked w-er. 
3 Keep \aht protecmie caps in place *-hen cvlmder^ are used 
•i Condua ail'ariding and cutting at a safe distance from flammable hazards. 
> Shut off \ihes when CN-lindets arc not being used 

0 Protea nea.'bN- students from ubras-iolet ^riding flash. \ t^iclding screen area is a useful technique in tms resard 
" Keep exposure trom cutting ind yielding fumes widun acceptable limits Ise local eduust to meet xcectabie limits. 
5 Mechanical 

( ai .\ local exhaust >A-stem is the most effecmic means d control for airtwme contaminants produced b\- ^riding or rat 
ung Local exnausi can be prc^-ided b\' seveal ^pes of equipment incluoing fixed enclosures ■ bootns). frec.%" r.CMDle 
hood^. nd joftn -draft bencnes .yter a si-stem is installed and a« in operation. :ts performance inouir be cneocec lo 
>ee tnat it meets enRineenng soecalcuions. correa rate ot" air floft" dua \elociiies. and negaL-ve cressures see 
M05H.\ 1910 2^21 ^ 



SPRAY >?r3\- booms are commonN- used for sprav 

BOOTHS painong Some booths arc used for bleaching. 

cementine. glazin?. meulizing. cleaning, or 

T^-elding FUrnmable maienals. vapors mists. 

comoustible residues, du^i. or deposits arc com 

fnon contaminants 



1 Ise noncombustible matenal such as steel, concrete, or ma5onr\- in construction 

2 Design sprav booths to direa air tlo^v [oa-ard the exhaust outlet. 

? Construct the inicnor surfaces d sprav boodis lo be smooth and continuous runout ea2es nc JCMeneo ;o pre\ent 

pockeang ot residues. Qciliiatc cleaning, and ^-asning without iniur\- 
A Keep Lhe interior ^urtaces ot' booths free oc' combustible deposits « see MOSH\ I'' 10 lu" • None >r.Du.>ijCle :c.t.\aii .:n 

mgs are jvailable. 

i Prc^'ide explosion -proof lights and swiicnes Keep ponable lamps wtv from sprav operauons 
0 fccp sprinkler heads clean. 

" stake sure thai belts and puUc-s mside the booth arc fulh- enclosed 
5 Ground eleanc dning apparanis. 
^ Mechaniol 

( a I General— .Ml spraving areas should be provided ^nth mecharjcal venulauon adquaie to remoc tlarjnacle «aDcr5 
mists, or po*der5 to a sa» locauon and to control combusuble residues Medunical venuiauon >noun: De <ect o- 
erauon at all tunes *-hile sprav ing operauons arc being conducted and tor a suificieni time L^ereancr :c alio* .-^jc^ 
from dning coated arudes and dmng finishing matenal residue to be exhaustea. 

t bi Ventilating "and exnaust sv-stems should be in accordance with the sunoara tor blo*ief anc exnaust ^wmi wr -ixt 
remov:al Nm No 31. 

■ c I Ensure thai cieonc motors for exhaust fans inside booths or ducts are explosion- c root' 
I a ) .Assure a \enulauon rate xross the bee o(' the paint sprav booth at least liXI fpm 



SCIENCE 
UBS 



E.xplOii\ts. corrosives tlammable liquids, 
toxic chemicals, oxidizing maienais. gases, vi- 
p0f5. mists, smoke, -johcnts. nd nonionizing ra- 
viiauon are common contaminants 



I Secure all compressed gas cvltnder^. 

2. H3\r appropnaie equipment and materials available for spill control. 
5 If possible, purchase che«:iicals in class-size quanuues omv. 

^ \Jx\ all chemicals accuraah* *ith date of receipt or preparation, miuaied b\- me person re^p^rbibte ino ^cOLoent :>re 

03uuonar\' informauon on handling. 
> Follcw all direoions for disposing residues and unused portions of reagents, 
t) Store thmmable liquids m small quanUDCs. 
" siamtain a complete imtntor\' of chemicals. 
8 Ise diluted subsunces raiher than concentrates whenevw possible-, 
4 Ise instructional techniques which require tne least quanun- ot matemls. 
10 Ise films, videotapes, and other methods rather than experiments inwKing nazardous ^uosanccs. 

II Storage Faciliues 

■ai Never store chemicals in aisles. 

b» Install chemical storage sheK-es *ith lips, and nevtr used stacked boxes in ucu ot s-tcves 
■c t Ise onh- explosion -proof rcfngcntor^ for Ub storage-. 

'd» Flammable and toxic ctiemicals require a carefullv planned cabinet or room The rvximciOLnct t.^si rxf ^<;^araIe^ 
'.entilaied Rooms must coniam smoke and heai deteaor^ explosion -proot ittinting. static ::er -"^itcn^ mc ciecL'tcai 
■>udets Rooms should be air conditioned and humiditv- controlled 
12 Mechanical. 

la I Uboratorv- hoods are expeaed lo capture all gases or aerosols released within it. 

'b I The location of the hood is important VThenevrr possible, thev- should be located aJunc an outer 7.aU ano tar 
from anv doorwav to a^oid turbulence from opening and closing door^ Fixing hoods ».'n .oier an is also id«.^"s 'or 
easv placement of ducting to the outside with a mtnimum of bends and elbo*-s Outsioe exnauit must t>? icoiea to 
jv-oid re-entn- into the building b\- of open ftmdo*-s. frcsh-air intaKC. etc. 

ic I Regularh' check hoods tor proper air flow 



TE.\CHERS 
LOUNGE 



>'.^ntaminants include agarcnc smoke. tOok- 
in? -jdor^ carton nvxwxjde, furmmre and rug 
idor^ : trrjldehvde. cleaning fluids, and du- 
piiaun« tbid 



1 Prohibit smoking or na^r i^x) separate lounges. 

2 Clean up daiK'. including vacuuming. 

5 Ise the least hazardous cleaning agents when possible. 
^ Mechanical 

'a> Mechanical venulauon should be based upon the proiected number emoiosees -asina 'Jie •.a^.lil^ no '-"w "'Tcs i 
quipment to be installed e g . star, retmeraior. micrc**Te o^tn. Foilo*' 'Jw -uest \5HR.\E ^lan^n: J ■ .r ^er 
person. 

ibi ^tw« should h»ie local cxnausL 



DUPLICATING 
.\ND 

COPYING 
AREAS 



Contaminants include m.eihvl alcohol i meth- 
anol), ozone, and ammona 



1 ^Jh^ exposed skm after each duplicating run. 

2 .Mlow duplicaung paper to drv before collaung and siaplmg. 

3 .Mlow onk' properlv trained staff to use equipmenL 
•I Do no( use duplicating fluid as a cleanup solvent. 

5 .void spillmg, develop spill procedures that follow the manufacturers recommendauuns 

6 Mechanical Prt^ide adequate vtnulaaon as recommended bv the manuiaoure: 



PHOTO 
LABS 



Coniaminants include toners aromauc h\dro- 
oaitxins ozone, heu 



1 Follow manufacturers recommendations. 

2 Obtain maicnal safctv dau sheets on toners and orncrs. 

3 Follow manutaourers CMideitnes for minimum accepuble tloor space- 

4 .Mechamal Provide adequate vrnulation to meet manuiacrurcrs recommendations m ail ra ms nere rn* »(t."cracni(. rr. - 
ucTS arc used 
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Case Studies 



The following case saidies are discussed to il- 
lustrate t>pical examples of indoor air quahc>' 
problems in schools 

Case 1: 

Students and facult>- in the science wing of a 
middle school began to experience headaches. 
e\'e, nasal irritation, and chest ughtness associated 
with an intermittent foul odor. Since a source ^-as 
not apparent, the problem was thought to be due 
to discontented teachers. Considerable hosuha 
resulted, with the ensuing conflia bet^-een the 
parent-teacher association, the administration, and 
teachers union well documented in the local pa- 
per. 

Visits to the school rooms indicated no im- 
proper use of science equipment and adequate 
thermal control and humiditv: 

.\n outside consulting group distributed a 
svmptom quesuonnaire that confirmed the s>'mp- 
toms. Lung funaion tests were normal. One 
weekend an indicator smoke ^-as mieaed into the 
sewer system and emerged in the venulation 
ducts of the rooms. Review of the building indi- 
cated improper sealing of the sewage system dur- 
ing construaion. Sealing of the ^aste ducts re- 
solved the odor and the symptoms. 

CotDincnt: Often indoor air complaints begin 
with the recognition of an odor and irritauon. In 
this case, the seleaion of an outside consulung 
group ^as important for se%'eral reasons. 

1. The source of the problem was not initially 
idenufied. 

2. The s>-mptoms persisted. 

3. Considerable hostility and bad press had oc- 
curred that might have been avoided by an 
earlier consultation. 



Case 2: 

Faculty members complained of extreme fa- 
ugue and lethargy as well as dry mouth and e%'es 
These symptoms occurred in the late fall and 
earlv spring, particularly in the afternoon. 

Review of the rooms indicated an a\-erage tem- 
perature of 83*F The sy-mptoms occurred in 
rooms that faced west and had sun in the after- 
noon. 

Shades were installed to decrease radiant heat 
and temperature adjusted to "2*F Svmptoms were 
resolved. 
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Comment: Thermal discomfort is a common and 
readily resolvable cause of indoor air problems. 
Thermal discomfon is well recognized to cause 
decreased produaivity. Hot. sleepy students can 
not learn A visit to the room at the time of symp- 
toms is the way to recognize this problem. 

Case 3: 

The teacher and students in se%'eral classrooms 
suddenly deteaed an acrid odor and de%'eloped 
tearing of the e\'es and coughing. The teacher im- 
mediately e%'acuated the classroom and took the 
students to the g\'mnasium. Investigation re%'ealed 
a truck carry-ing chlorine gas had been in an acci- 
dent. Students were e\'acuated from the school 
for the day until the spill was cleaned up. 

Comment: The outside environment can pose 
an immediate and sudden danger. Disaster plans 
are important. 

Case 4: 

A Student with asthma began de\'eloping 
w+ieezing while at school, requiring se\'eral crips 
to the nurse and sick time. Investigation indicated 
that remodeling was occurring in the adjacent 
hall and paint fumes were entering the classroom. 
The painting was then scheduled for non-school 
hours, and the student had no further exacerba- 
tions. 

Comment: A range of organic vapors, including 
cologes and perfumes, can exacerbate asthma. 

Case 5: 

Teachers complained of e\es. nose, and throat 
irritation in classrooms located on the first floor. 
Thev noted interminent odors of unclear origin. 
Investigation of the building indicated that science 
rooms were located on the next floor, above the 
classroom where symptoms occurred. When a co- 
logne was poured down the drain in the science 
lab. the odor was discernible in the classroom be- 
low. The drain in an unused sink in the back of 
the classroom was found to be improperly sealed. 
The odor and symptoms were resolved with seal- 
ing of the drain. 

Comment: Ingenuity can be used to trace 
fugitive odors and irritants. 

Case 6: 

A school secretary developed nasal stuffiness 
and itching of the e\'es in the spring and fall. Eval- 
uation of this condition by an allergist indicated 
that the secreury was allergic to oak trees and 
rag weed. Treatment of allergies improved the 
symptoms. 

Comment: Upper respiratory symptoms can be 



caused by allergies. It is important to distinguish 
ber^veen work-related and non-work-related con- 
ditions. 

Case 7: 

A grade school teacher de%'eloped e\e itching, 
nasal congestion, and wheezing associated with 
being in his classroom. The symptoms had not 
occurred pre%'iously Careful re^•^e^^' of the class- 
room environment indicated that the symptoms 
began when the class started a project on jnimals 
and began keeping guinea pigs in the room Re- 
moval of the animals resolved the symptoms 

Comment: Just as there are people allergic to 
cats and dogs, there are people allergic to small 
animals. 

Case 8: 

A group of teachers in an administration build- 
ing developed recurrent mucous membrane irri- 
tation, sinusitis, and fatigue requiring frequent ab- 
sences. .All were located along a single corridor 

.Administration failed to respond to calls asking 
that the problem be addressed. The teachers 
called in an consultant who cultured legionella 
from the water supply The building ^-as ev'acu- 
ated. and n'.^;vspaper headlines appeared. 

Review of the history of the symptoms and 
serology indicated that svmptoms were not due to 
legionella infeaion. Howe%'er water leaks and 
flooding had been occurring for several vears and 
obvious profuse mold growth ^-as present in 
rugs, on ceiling tiles, and in filters from heaters. 

The carpets were removed, filters changed, and 
dua work cleaned. Landscaping, roof repairs, and 
sealing prevented future leaks. The original teach- 
ers were unable to return to that office area with- 
out a rapid recurrence of symptoms, confirmed 
by medical evaluauon. New occupants have not 
yet developed symptoms. 

Comment: Because a possible pollutant is identi- 
fied doesn't mean that it is the cause of the prob- 
lem. A svstematic evaluauon may be required, 
drawing upon the knowledge of experts. 

Case 9: 

A teacher began to experience eye, nasal irrita- 
tion, and fatigue while at work He initially ig- 
nored the symptoms, but then found he had diffi- 
culty concentrating and could hardlv teach, 
panicularly in the afternoon. Over several months 
a pattern developed: symptoms would occur after 
working six hours on Monday four hours Tuesdav. 
two hours Wednesday By ^fednesda>' evening he 
would crawl into bed. sleep until noon Thursday 
On Friday he would return to work but would 
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again experience irritation and fatigue that would 
gradually resolve over the weekend. His erratic 
work pattern caused him to disciplined by the 
principal and to be labeled a 'problem teacher" 

Medical es-aluation confirmed chronic upper 
respiratorv- irritation and symptom diaries con- 
firmed a work-associated pattern. He had pre- 
viously been an excellent teacher and did not 
abuse drugs or alcohol. Review of his work loca- 
tion indicated that his classroom had poor ventila- 
tion and frequent v^iiter leaks. It was a basement 
room that had previously been used for storage, 
but ^-as converted to a classroom because of lack 
of space. 

On recommendation by a ph>*sician. he ^-as 
moved to a new classroom. His symptoms re- 
solved and he returned to full produoivity. 

Coaunent: On rare occasions, individuals may 
develop marked and disabling symptoms in spe- 
cific environments. If a review of the location 
demonstrates no remedial cause, relocation may 
be necessary. 

Case 10: 

A clerical worker in a school distria began to 
develop nasal congestion and shortness of breath 
while at work. The symptoms became progres- 
sively more severe and required repeated physi- 
cian visits, lost work, and daily medication. Medi- 
cal evaluation indicated her lung funaion was 
reduced to "0 percent of normal values and 
blood tests showed positive IgG precipitins (a 
blood protein indicating an allergic reaaion) 
against the mold aspergiUus niger Mr samples 
from her work environment indicated the pres- 
ence of high lev'els of aspergiUus niger in the ven- 
tilation system in her office. 

She v^-as removed from her office. Over six 
months her lung tunction improved and her 
N\mptoms resolved. 

Comment: This is an unusual example of a se- 
rious, mold-induced lung condition. 
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Existing Statutory 
Authority And 
Government Activity 

Federal Government 

The Environmental Protection Agenc\- is the 
lead ageno' within the federal government 
for control of air pollution The legal man- 
date for E?A's author it\' is derived primarilv from 
the Clean Air Act that gives ERA. 'csponsibilit\- for 
ambient air/' a term interpreted to mean that 
portion of the atmosphere external to buildmgs 
The U.S. General Accounting Office (GAOi con- 
curs with this interpretation, but has ackncwl- 
edged that indoor air pollution has received little 
Support precisely because no c^ne federal age nc\- 
has jurisdiction over nonindustnal indoor en- 
vironments. 

In addition to the Clean Air Act, several other 
statutes are interpreted to allow the ER-\ to take 
aaion on indoor air qualit\: The Toxic Substances 
Control Act (TSC\) is aimed at controlling haz- 
ardous air pollutants EPA has already u.^ed this 
statute to require asbestos managem.ent m 
schools and is currently considering the need for 
regulatory action to deal with the l^sue oi tDrmai- 
dehyde exposures. The Federal In.secticide. 
Fungicide, and Rodenticide Aa (FlFR.-\) provides 
a mandate for the regulation of pesticideN, includ- 
ing their application indoors The L ranium \lill 
Tailings Radiation Control .Act ( I .\ITRC\) applies 
to uranium mill tailings, especialK" a.s the\ are 
used for landfill in residential areas or in the con- 
struction of dwellings. Because such uses ct)uld 
lead to elevated radon concentrations indoors. 
ER\ has established guidelines for acceptable 
radon concentrations inside homes built in high 
risk areas. The Safe Drinking filter .Act < sDWA) 
might also be used to deal with indo<K radon 
problems in instances where drinking water is 
derived from radon -emitting substrata Because 
volatile i)rganic compt)unds and raduniuclides 
from hazardous waste sues can migrate through 
the M)il and enter nearby buildings, the t'limpre- 
hensive Envirt)nmental Response. CA>mpcnsa:ion. 
and Liabilit\' ,Act (CERCLA) or ^uperfund ' .Author- 
ity could also be used to address certain indoor 
air qualit\' problems 

Ct)ngress appropriated $2 million in fi.scal \<fjic 
1984 for ERA to inten.sit\' its research efforts on in- 
door air qualit\- .Another 52 million was anpropri- 
ated by Congress tor fiscal \ear IVHS CKcrall. cur- 
rent funding f(.)r indoor air qualitv rcscarcti 
constitutes about 3 percent of ERAS total air pollu- 
tion research budget 
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Besides ER-V a number of other federal agen- 
cies have responsibility for specific aspects of 
nonindustrial indoor air quality. The Occupational 
Safetv' and Health Administration (OSHA) is re- 
sponsible for safeguarding workers' health in the 
workplace. Nev'ertheless. most OSRA activities 
have focused on industrial work environments, 
with relatively little attention given to problems in 
nonindustrial spittings, such as building-related ill- 
nesses in otfice buildings. 

The Department of Energ%- (DOE) is responsi- 
ble for energ>' consen-ation programs that affect 
residences and new buildings DOE has funded 
studies to de\elop. ev-aluate. and standardize 
measurement techniques, as well as research to 
examine human health etfects from organic va- 
pors, airborne particles, and radon. The Bon- 
ne\-ille Power Administration (BR^) in Oregon is 
currenth- financing a projea to measure a variety' 
of indoor pollutants inside both new and existing 
buildings within its sen'ice area and to determine 
the impact of weathenzation measures on indoor 
air quality. 

Ensuring that consumer products are safe and 
do nut present unreasonable health risks is the 
responsibilit\' of the Consumer Product Safety- 
Commission" (CPSC) CPSC has banned the use of 
asbestos-containing spackling compounds, pro- 
p<ised a ban of urea-formaldehyde foam insula- 
tion ( overturned in court ). and initiated studies of 
emissions from unvented combustion appliances, 
including kerosene heaters and gas-fired space 
heaters 

The Department of Housing and Urban Dev'el- 
opment (HUD) establishes building standards for 
HUD runded protects and material standards for 
mobile home construction HI D has required 
that incoor radon concentrations in high natural 
radium areas oi Montana and South Dakota be 
below established minimums before home buvers 
qualih- for HUD-assisted financing. HUD refu>ed 
to approve FHA-fmanced loans for new home 
a>n>truction on reclaimed phosphate land> in 
Morida. due to possibility of elev-ated indtior 
radon le%els HUD recently promulgated rci^u- 
lations specif\ing formaldehyde emi^Mon limita- 
tions f<^r pK-wood and particle -board product*^ 

The Federal Trade CommisMon t H'C) is re 
^po^Slble for en>urinu that consumer adverti^nv; 
^.ontains accurate, truthful, and u>eful inlormation 
Tlie hTC recentU charged rwo nunutacturers ot 
room air cleaners uith taNch advertiMn.u that 
their devices cftectiwK remove tobacco smoke 
and other pollutants trom ind(n>r air In rcKlung 
consent ai^reements with the ^TC. b<ith com- 
panies a^ireed not to misrepresent the capabilities 
ot their air ^.leaners 
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During 1983. the Congressionally-mandated in- 
terageno' Committee on Indoor Mt Quality 
(CLAQ) was established to coordinate federal re- 
search aaivities. Representatives from EPA, DOE. 
the Department of Health and Human Ser^'ices 
(DHHS), and CPSC ser\'e as co-chairs. ,\mong the 
other federal agencies involved in the CL\Q are 
BRV the Department of Defense. FTC, the General 
Ser\'ices Administration (GSA). the National .\ero- 
nautics and Space Administration, the National 
Bureau of Standards. OSFLV the Tennessee \allev 
Authorit>', and the Depanment of Transportation 
The CIAQ is presently compiling an inventon- of 
federal indoor air research to identif\- needed re- 
search by both the public and private sectors 

State and local health agencies have been mt)re 
active than federal agencies m dealing with in- 
door air qualit\- issues Massachusetts, tor in- 
stance, banned the use of urea-formaldeh>de 
foam insulation, and both Minnesota and Wiscon- 
sin have promulgated formaldehyde standards in 
new mobile homes. In California, the sale and op- 
eration of unvented combustion space heater^ for 
use in residential buildings is prohibited. Man\ 
state and local governments (primarily cities i 
have instituted anti-smuking ordinances 

Through the Pesticide Applicators Law section 
within the Department of .\griculture. the Mate »)t 
Mary land regulates the use ot pesticides m 
schools and'other buildings In l^ro. Mar \ land 
beeame involved with asbestos hazard^ m schot>l 
buildings mainK through a technical assistance 
program tor local school officials The state hxs 
de\eloped resources to investigate low le\el Mr- 
maldehvde exposure and tormaldehvde has been 
measured m several sdiooN m response to ^i»m 
plaints No specific regulations regarding indoor 
air pollution have been enacted. howe\er Mar\- 
land IS still active in the technical a>si^tance a>- 
pects of indoor air pollution investigations .\ list 
of consultants working in the indoor air pollution 
field has been dev-eloped and is available from 
the Maryland Department or the Environment 
School officials seeking technical information iUi 
indoor air pollution matters mav call the Marx- 
land Department of the Einironment at 
1301 iii"^-"^"^^ 

State and local health departments are the 
agencies that deal closelv with citizens concerns 
and questums about indoor air qualit\- In recent 
\ears, complaints about inadequate indoor air 
qualit\ and requests for intormation about spe- 
cific indoor pollutants Me. tormaldeh\de and .ls 
besios) have iiure^ised signiticantK .\ recent na- 
tional ^ur\v\ rexealed that 32 states ha\e a 
program i)r st.iif responsible {ot ewiluating e\ 
po'^ures t() one *'r more iiidc^or air pollutants 
Tv\ent\-nine states have programs to assess nonin 
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Maryland State Depc of Eflucation 
Office of Administration and Finance 
Office of School Facilities 
200 West Baltimore Street 
Baltimore, Maryland 21201 
(301)333-2508 




